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1 Introduction 
“One resurrected rural community would be more convincing and more encouraging than all 
the government and the university programmes…. But to be authentic, a true encouragement 
and beginning, this would be a resurrection accomplished mainly by the community itself” 
(Enshayan, 1991).  
 
Abstract 
The drylands of Kenya constitute over 75 percent of the country’s land mass. 
Ironically, these fragile lands are among the least developed in the country, and 
household food insecurity is widespread and chronic. Finding effective ways to 
address the elusive food security problem in these marginal lands has become critical. 
The research in this thesis identifies effective food security interventions for the 
drylands, based on Kenyan case study. 
 
1.1 Introduction  
The world produces enough food to feed everyone with at least 2,720 kilocalories per 
day, which is well above the Food and Agriculture Organization of the United 
Nation’s (FAO’s) recommended minimum of 2250 (FAO, 2003a). Ironically food 
insecurity remains globally widespread and stubbornly high (FAO, 2006). In 2003, 
the FAO estimated that there were 842 million undernourished (defined by FAO, 
2003b as a situation of chronic food insecurity) people worldwide: 798 million (95 
percent) in the developing world, 10 million in industrialised countries and 34 million 
in countries in transition. In sub-Saharan Africa, the number of undernourished people 
has been increasing: from 169 million in 1992 to 206 million in 2003, and by 2015, 
the FAO (2006) estimates that the region will be home to around 30 percent of the 
undernourished people in developing world, compared with 20 percent in 1992.  
Three-quarters of those affected live in rural areas and include those who have been 
displaced by civil conflicts and also those who scratch their living from drylands 
where adequate rainfall for crop production is a constant challenge (FAO, 2003a; 
2006). The most affected countries are those in the Central, Southern and Eastern 
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parts of the continent and include countries like the Democratic Republic of Congo, 
Burundi, Ethiopia, Malawi, and Kenya (FAO, 2003a; 2006). 
The persistent and chronic nature of the food problem in sub-Saharan Africa is in 
contrast to the 1996 World Food Summit Commitment, revised in 2002 to reduce 
global hunger by half by 2015. The trend calls for drastic measures to arrest the 
situation (FAO, 2006). In Kenya, the strategic objective is to cut the food insecure 
people by 600, 000 annually (Wanjama, 2002). One of the strategic plans for 
achieving the objective is identification and up-scaling of successful pilot projects 
(Wanjama, 2002; GoK, 2001; 2008). But there is still the question of how to achieve 
this. The research described in this thesis contributes by responding to this pertinent 
question. It provides an intervention model for sustainable household food security in 
the drylands of Kenya. The model is based on successful interventions in the drylands 
of the country. 
In this opening chapter, the research is introduced with the statement of the problem, the 
objectives and approach. 
 
1.2 Problem statement  
A concerning problem of food insecurity in Kenya is concentrated in the rural areas. 
In 2000, 51 percent of the rural Kenyan households were food insecure, compared to 
38 percent in urban areas (GoK, 2000). At national level, the problem is reflected in: 
• Growing dependence on food imports  
Kenya has been getting increasingly dependent on food imports (Nyangito et al., 
2004). To meet the growing demand for food, the government has to import cereals 
against scarce foreign exchange. It is estimated that between 1995 and 2005, per 
capita cereal production grew by about 11 percent while the commercial imports rose 
by 320 percent. 
 
• Increase in consumer prices of the food staples 
The implication of the imports has been increasing value of the imported cereals. 
Based on data from the Kenya Institute of Public Policy Research (KIPPRA) 
2 
 
Introduction 
(Nyangito et al., 2004) and the Kenya Statistical Abstracts (GoK, 2006), the nominal 
prices of maize and rice were calculated to have risen by 49 and 55 percent between 
1990 and 2004, respectively. In general, the rise in price was relatively higher than 
that of the incomes (Nyangito et al., 2004).  
At household level, the combined effects of insufficient domestic food production and 
increasing food prices have eroded the ability to access adequate food by many 
people. This is reflected in a high number and proportion of undernourished people in 
the country (table 1-1). Even though the trend in average daily food energy 
availability is positive, the mean availability, 2150 kcal (2002-2004) is far below the 
FAO’s recommended average minimum of 2250 kcal per person per day. Similarly, 
although the proportion of the undernourished population dropped by 8 percent 
between the 1990-92 and 2002-04 period, it still remained relatively high at 31 
percent (of the population) within the same period, representing about 10 million 
people. 
 
Table 1-1Trends in population and selected food security indicators in Kenya: 1990-
2004 national averages 
Selected statistics 1990-92 1995-97 2002-04 
Population (millions) 
Food energy availability (kcal/person/day) 
Number of undernourished people (millions) 
Proportion of undernourished people (%) 
 
24.4 
1980 
9.5 
39 
 
28.1 
2060 
10.0 
36 
 
32 
2150 
9.9 
31 
Source: FAO (2007)  
 
Recently, the global rises in prices and droughts have had drastic effect on household 
food security in Kenya. In April, 2008, about 3.5 million people in the country were 
reported to be in need of emergency food aid (USAID, 2009). At the same time, the 
inflation rate on food reached 44.2 percent, the highest increase rate among all 
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commodities. The effect was a rise in overall food insecurity to a predicted 70 percent 
of the population (OCHA, 2008). 
The food security problem spreads to regional levels worsening as the agricultural 
potential declines, and develops into famines in the drylands (see map figure 1-1) with 
low agricultural productivity and purchasing power, as livelihoods are based on 
extensive crop farming and herding (Muyanga, 2004). 
Relevant research in the problem has been limited to the analysis of the levels and 
causes of the problem. In general, food insecurity is linked to declining agricultural 
productivity (Nyangito et al., 2004) and general poverty (GoK, 2001; 2008). The 
underlying causes and remedial recommendations are summarised in table 1-2. 
Drought as a natural cause is the main problem (GoK, 1986; Mbogoh, 2000; Tiffens, 
2002); accompanied by inappropriate policy (Kimenyi, 2002; Nyangito et al., 2004) 
reflected in institutional failures and economic problems.  
Aridity in Kenya has always been a threat to food production. According to a 
government report (GoK, 1986), only 7 percent of the country’s total land mass has 
adequate and reliable rainfall, soil and topography suitable for crop production. An 
additional 5 percent can sustain crops in years of adequate rainfall while the 
remaining (88 percent) constitutes the Arid and Semi-Arid Lands (ASALs or 
drylands). By 2002, it was evident that aridity in Kenya was worsening, reducing the 
cultivable land with negative impacts on food security (Tiffens and Bartimore, 2002). 
In the last 5 years, Kenya’s drylands have witnessed increasing frequencies of harvest 
failures attributable to documented change in the rainfall patterns and levels (OCHA, 
2008). 
Inappropriate macroeconomic policies that have significantly affected agricultural 
productivity in Kenya include the Structural Adjustment Programmes (SAPs) 1 of the. 
4 
                                                 
1  This is a critical period in the Kenyan economic history as it marks a big change from state 
control of most of the economic sector. At the same time, the period experienced a sharp decline in the 
support from the donor community owing to reasons of economic mismanagement by the government. 
Furthermore, the country was going through multi-party transition ushering in political sharing of 
different parties in the political operation of the country. Due to these factors, the performance of the 
agricultural sector was highly affected, making private intervention necessary, particularly in the 
marginalyzed ASAL districts. 
 
Introduction 
 
Table 1-2 Causal linkages and remedial recommendations for household food security 
in rural Kenya (references in letters)  
Linkages to household food security Recommended remedial strategies 
Natural causes  
Drought (a, b, c) , poor rains & inadequate 
water supply (e) 
Many animal diseases e 
 
Develop irrigation systems (e, f, g, o);Water 
harvesting /supply(a, o, n, e) 
Veterinary services(a, e ) 
 
Institutional failures  
Inappropriate crops and poor seed quality (e)
Lack of formal financial services 
Market inefficiencies (h, f, g, i) 
Weak extension, services (k, e),  
Poor farming systems and degradation of 
natural resources (j) 
Poor road conditions (e) 
Develop high-yielding seeds (e, f) 
Credit services (o) 
Produce marketing organizations (e, a)  
Enhance extension capacity (k, e) 
Provide drought power (e); promote soil and water 
conservation practices (j);  
Upgrade earth roads (e) 
 
Economic causes  
Low & unstable incomes (m), high cost of 
living (i), high food prices (m, h, f) 
Promote Small and Medium Enterprises - SMEs (e, l, 
f, n) and cash-cropping (e) 
Social causes  
Large families (f), poor health (HIV,AIDS) 
malaria), poor water & sanitation (n, f) & 
gender imbalance (f)  
Family life, health, nutrition & gender education; 
construction of water reservoirs, priority support to 
women’s projects (f) 
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Source: Diverse author denoted in superscripts. a: Mbogoh, 2000; b: Tiffens, 1994; c: Nyariki, 1997; e: 
GoK, 2001a; f: Nyariki et al., 2002; g: AMREF, 2003; i: Muyanga, 2004; j: Tiffens, 2002; k: Wanjama, 
2002; l:Omiti et al, 1999; m: Nyangito et al., 2004;  n: Danida, 2004.  
Note: HIV/AIDS denote, Human Immune Virus/Acquired Immune Deficiency Syndrome, respectively. 
1990s (Kimenyi, 2002; Nyangito et al., 2004). The reforms that accompanied SAPs 
were associated with a rapid exit of government from provision of basic services, such 
as credit and marketing (Kimenyi, 2002). The private sector which was expected to 
take-over such responsibilities at the time lacked the managerial skills and financial 
adequacy as well as supportive infrastructures for private investment that would have 
guaranteed expected efficiency. Consequently, liberalization resulted in an 
institutional vacuum in the provision of various agricultural services. The problem 
was aggravated by drastic reduction of government financing. Nyangito et al., (2004) 
add that the positive effects of the adjustment such as improved distribution of 
agricultural inputs through the private sector were diluted, and small-scale farm 
productivity declined.  
Since then, diverse intervention organizations have stepped in to bridge the gap in 
service provision. But while the interventions exist, and the problems and possible 
remedies are contained in research and policy documents, the growing level of food 
insecurity in the country suggests that the processes for attaining these objectives is 
paradoxical. As Anyang Nyong’o (2007) puts it, “Africa’s problem is not in not 
knowing what must be done; we have listed things and discussed them in depth in 
thousands of papers, speeches, workshops, seminars and peer reviewed journals. Our 
problem begins with how to do it, when to do it and where to do it”.  When it comes 
to how to do, Anyang Nyong’o (2007) elaborates that “we Africans have abdicated 
our thinking and resulted to the development partners and charities from the west”. 
This is visible in the development history of Kenya where the “how” of the past 
interventions has always been framed by donor driven paradigms, which have tended 
to shift according to the global perception of the root causes of underdevelopment 
(Anyang Nyong’o, 2007). 
In the 1970s and into the 1980s, development funding was for “provision of basic 
needs” and “integrated development”. Therefore intervention programmes were 
tailored to this donor prescription. By mid-1980s, the paradigm had shifted to 
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“structural adjustment”, in the argument that limited access to production resources 
was perpetuated by inefficient institutional structures. When this brought more misery 
than growth, the shift ushered in the “privatisation” paradigm of the early 1990s 
which produced mixed results. It was during this period when private development 
interventions began to obtain funding from donors who were already disenchanted 
with the inefficiency of state institutions. These organisations work with or parallel to 
the government institutions. Nonetheless, their designs are also based on donor 
recommendations. The twenty-first century dawned, with ‘poverty reduction strategy 
papers”, which having registered no significant results, paved way for the 
“millennium development goals” of 2005 to 2015, which includes the 1996 world 
summit strategy of reducing hunger by half (FAO, 2003a).  
At the farm level, the development path evolved from development and transfer of 
technology, farming systems research, farmer participatory research to market driven 
research. But as Ellis and Biggs (2001) report, the evolution has not been smooth. In 
practice, intervention approaches overlap in both space and time. The overlap of 
approaches is aggravated by lack of central coordination of interventions. The result 
has been mosaic of interventions and duplication of activities with little (if any) 
benefit to the target communities (Mulwa, 2004). 
Since the 1990s, donor funding in Kenya has been constraint (Boardman and Vining, 
2000; Nyangito et al., 2004) and there has been pressure for demonstration of 
intervention impacts (Pratt et al., 2000). Clearly, it has become imperative in Kenya to 
develop intervention designs appropriate for the Kenyan circumstances; which are 
likely to have sustainable impacts.  
 
1.3 Research objective and hypotheses 
This research study takes the challenge of developing an intervention model for 
sustainable household food security in Kenya’s drylands. Following recommendations 
from the review of literature on food security intervention and related studies in the 
region, it was hypothesised that intervention for sustainable household food security 
in dryland Kenya should: 
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i) Simultaneously enhance food availability and access through processes 
which improve both farm productivity and non-farm income. 
To test the hypothesis, a theoretical food security intervention model was developed 
based on assumption that food security interventions integrate a double objective of 
improving farm productivity and non-farm income. The second assumption was that 
interventions enhance sustainability of the impacts by enhancing institutional 
linkages. The model is follows the conventional intervention logic, tests the following 
sub-hypotheses linked to the assumptions: 
• Food security interventions integrate farm productivity and non-farm income 
strategies (H1); 
• Improvement in both household farm productivity and non-farm income is 
relevant intervention objective strategy in Kenya’s drylands (H2); 
•  Multi-level institutional linkages enhances the sustainability of the 
intervention processes (H3); 
• Interventions that are relevant and sustainable are effective in resource 
dissemination(H4); 
• Effective interventions have significant impact on farm productivity and/ or 
non-farm incomes (H5a and H5b); 
• Simultaneous impact on farm productivity and non-farm income leads to 
significant improvements in household food acquisition(H6); 
• Adequate access to resources has significant effect on farm efficiency (H7). 
The sub-hypotheses constitute the objectives in the empirical chapters of the research: 
chapter four to seven.  
 
1.4 Research design and setting 
To adequately respond to the research questions regarding the above sub-hypothesis 
and test the hypothesis, a research approach involving exploratory, descriptive and 
experimental research designs was used. The choice of the approach is based on the 
unique utility of each type. Exploratory research provides open information on the 
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subject matter of the research while descriptive research gives a logical description of 
the different groups under investigation according to specified criteria. Experimental 
research on the other hand tries to establish cause - and - effects relationships 
(Malhotra, 1999).  
The research design had two parts. The first part was basically exploratory and 
constituted the theoretical foundation of the research. It aimed to inform on the 
context of household food insecurity and the rationale for intervention, in Kenya’s 
dryland in particular. The outcome of the theoretical review was the formulation of 
the research objectives, hypothesis and the theoretical intervention model described in 
chapter 2. The model which is firmly grounded on the theory of intervention (see 
Escobar, 1995; Biggs and Smith 2003), has four sections: identification of problems, 
development of objectives, implementation, monitoring and evaluation. The model 
illustrates the hypothesized objectives and processes for attaining sustainable food 
security.  
The second, the empirical part of the research sought to validate the model through 
descriptive and experimental (cause-and-effect) research designs. A non- (pseudo)- 
experimental comparative approach was used. Non-experimental means that the 
intervention was not tried in the field but the sub-hypotheses were tested based on 
evaluation of past interventions (ex-post evaluation) (European Commission, 1999). 
Comparison of multiple case studies constitutes the innovativeness of this research. 
The underlying assumption and justification for the approach is that multiple 
intervention case studies capture diversity in terms of intervention designs (processes 
and strategies); that permit comparison of performance. Furthermore, ex-post analysis 
provide empirical evidence of best practices (particularly of technology), having been 
learnt, tried on the field, and adjusted within the socio-economic context of the 
farmer, and by the farmer (Long and Villarea, 1994; Ashby et al., 2000). The 
methodological implication of ex-post evaluation is comprehensive analysis of the 
interventions (European Commission, 1999). Within the theory of intervention, the 
evaluation entails analysis of both the design and effects of the interventions. The 
design of the intervention, in terms of relevance of objectives to the intervention 
context and, the sustainability of the intervention processes (European Commission, 
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1999; Mulwa et al., 2003). The effects of the intervention in terms of intermediate and 
net impacts; planned or unplanned (European Commission, 1999; Ravallion, 2001).  
The first part of the empirical research was sampling and collection of relevant data. 
A pilot survey was conducted between September and December, 2005 to identify 
food security interventions in the study. This facilitated selecting of the case studies, 
sampling and data collection, the details of which are in chapter three.  
The second part was analysis of the data to test the sub-hypotheses in section 1.3 and 
hence validate the theoretical model. First, the logic of the intervention designs was 
described in chapter four to identify objectives, and test the first three sub-hypotheses 
(H1 to H3). Then the effects were subsequently analysed to determine impacts and 
test the next set of hypotheses (H4 to H7) covered in chapter five to seven, 
respectively. The impacts were compared with the control as the reference. 
Comparison of the intervention groups determined the best practices.  
The research was located in Makueni district, one of the 36 dryland districts (Arid and 
Semi-Arid Lands (ASALs) of Kenya (figure 1-1). The districts are grouped according 
to the severity of aridity (see also table 1-3). In general they are characterized by a hot 
and dry climate with low and erratic rainfall ranging from 200mm per year in the arid 
to 600mm in the semi-arids (Oxfam, 2006; GoK, 1986). Land use planning in Kenya 
is based on the agricultural zoning. The arid districts (rainfall below 400 mm) 
constitute the pastoral (or livestock) zones while the semi-arids (rainfall from 400mm) 
are a mixture of agro-pastoral land use systems, which include extensive irrigated 
areas, wetlands and national parks. With this respect, the model developed in this 
study would be applicable in the semi-arid districts within the same ASAL category 
(semi-arid) as Makueni because they face similar climatic challenges and food 
security vulnerability constraints. Most extensive intervention programmes such as 
Danida (Danida, 2004) operate at these regional levels. But the model would also be 
applicable in lower ASAL districts (with less severe challenges. 
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Figure 1-1Location of Makueni district within the drylands of Kenya  
Table 1-3The dryland (ASAL) districts of Kenya classified by extent of aridity 
Category: percent 
district is ASAL 
Districts  Contribution (percent) to 
total ASAL 
A. 100  Turkana, Moyale, Marsabit, Isiolo, Wajir, 
Mandera, Garissa, Ijara 
62 
B. 85-100 Kitui central, Makueni, Tana River, Taita, Taveta, 
Kajiado, Samburu, Mwingi 
25 
C. 50-85  Machakos, Mbeere, Tharaka, Laikipia, West 
Pokot, Kwale, Kilifi, Baringo, Meru North 
8 
D. 30-50  Lamu, Narok, Malindi, Keiyo, Marakwet 3 
E. 10-25  Nyeri (Kieni), Rachuonyo, Suba, Kuria, Thika, 
Koibatek 
2 
Source: Oxfam, 2006 
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The motivation for selection of the district for this research came from high level of 
household food insecurity, combined with high presence of intervention 
organizations. In the last two decades, household food security has been declining in 
Makueni. It is reported that three out of every four years are of poor harvest during 
which households have to depend on rationed food from relief agencies (GoK, 2006). 
In 2002, the district housed the largest proportion (70 percent) of food insecure 
households in the country (Wanjama, 2002); while in 2005, the government reported 
62 percent of the population to have been in dire needs of emergency relief food aid 
(GoK, 2005). The district also had many food security interventions whose diversity 
provided good sampling frame for selection of differently-designed intervention 
projects for comparative purpose. 
 
1.5 Assumptions 
The study is based on the following assumptions:  
• Despite criticisms of past interventions, some have had positive impact on 
household food security;  
• Households faced the same prices for food, irrespective of their location in the 
district.  
• The spill-over effects of the intervention benefits to non-participants were 
insignificant, and hence non-participants could be used as control in 
estimating impacts; and, 
• The socio-economic and natural environments in other dryland districts in 
Kenya are significantly similar to those in the study area. Any observed effects 
could be generalised to the dryland region. 
 
1.6 Delimitations 
The study is limited to the following: 
• Food security (and related) interventions operating since the inception of 
the (SAPs) of the 1990s, period when donor funding shifted from public to 
12 
 
Introduction 
private-led interventions; with the later thence taking important position in 
rural development (Nyangito et al., 2004);  
• Comprehensive evaluation of the interventions: the designs and effects on 
the participating households. This also applied to the analysis of the 
efficiency of the interventions. Spill-over and other effects were not 
analysed.  
• Focus on household food security: availability and access. Food utilization 
(including quantity-intakes) which leads to nutritional security was not 
covered. By limiting its analysis to food security, even for poverty 
alleviation intervention, the research acknowledged the entwinement of 
household food security in general poverty, emphasizing that no 
intervention development can be owned if participants persist in food 
insecurity. 
 
1.7 Organization of the study 
This study is organised into 8 chapters supplemented with a list of references and 
annexes. The next chapter deals with the theoretical and conceptual framework of the 
study. It covers concepts of intervention and evaluation; introduces a theoretical 
model proposed for dryland food security intervention, and proceeds to explain how 
the model would be empirically validated. Chapter three is on research setting and 
data collection methodology. Chapter four to seven comprise the content of the study. 
In chapter four, the intervention case studies are described and the relevance and 
sustainability of their strategies analysed; highlighting intervention gaps and impacts 
to be expected. Chapter five evaluates the effectiveness of the interventions in 
resource dissemination, suggesting expected impacts. Chapter six identifies the 
impacts of the interventions on household food security. Chapter seven covers 
efficiency of the interventions, and chapter eight closes the study with conclusions 
and suggestion for future research.  
 
13 
 
Chapter 1 
1.8 Conclusions 
Widespread household food insecurity in Kenya’s drylands calls for review of 
interventions which have been ineffective. The study presented in this thesis meets 
this objective by analysing food security interventions and providing an intervention 
model for the drylands, based on empirical evidence of effective intervention designs. 
The model is a build up of the different components of the project cycle- development 
of intervention plan- implementation- monitoring and evaluation, within the food 
security context of the Kenyan drylands. Objectively, it provides the reader with the 
scope of food security intervention in Kenya’s drylands- strategies and processes 
which are applied, the outcomes of the strategies and best practices. 
This introductory chapter gives an overview of the research. The contribution of the 
different study sections as outlined in the various chapters is summarised in the 
schematic diagram below (figure 1-1). 
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 2 Theory and conceptual framework  
“It is easy to make judgment – that's evaluation. It's easy to ask questions about a  
programme – that's evaluation. It's easy to disseminate a report – that’s evaluation. 
What's heard is to put all these pieces together in a meaningful whole, which tells 
people something they want to know and can use about a matter of importance. That's 
evaluation”, Patton (1986). 
 
Abstract 
The objective of this chapter has been to conceptualise an intervention model for 
sustainable food security in the Kenyan drylands. A review of the food security 
context and of intervention approaches was used to identify the rationale for 
intervention. Hypothetically, sustainable food security could be achieved through a 
double objective strategy which enhances farm productivity and non-farm incomes 
through three-level linkages. A mixed-method evaluation approach for validation of 
the hypothetical model was proposed; and explained. 
 
2.1 Introduction 
At national level, Kenya has always pursued the policy of self-sufficiency in food 
supply as stressed in its first food policy document (GoK, 1981) and implied in 
various consecutive food policy documents, the five-year development plans (GoK, 
1986; 2008) and the Poverty Reduction Strategy Paper (GoK, 2001). The self-
sufficiency objective has been the motivation behind the government’s agricultural 
policies which have dominated the last half century. It is within the agricultural 
development policies that food security objectives are pursued.  
The approaches for agricultural development intervention have been evolving to meet 
changing global challenges. The evolutionally trend has been influenced by the donor 
community (Nyang’ Nyong’o, 2007) and has shifted from ‘agricultural 
transformation’ of the 1960s, ‘integrated development’ in the 1970s, to ‘market 
liberalization’ and ‘poverty reduction strategy papers’ of the 1990s, succeeded by the 
‘redistribution of wealth’(Ellis and Biggs, 2001). The shifts have not been smooth 
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and, approaches overlap within the development intervention practice (Ellis and 
Biggs, 2001).  
The need for context specific intervention approaches has been demonstrated by 
donor organizations which provide intervention frameworks to programmes under 
their financing (Anyang’ Nyong’o, 2007). 
This chapter reviews household food security intervention context and how it has 
been shaped by the paradigm shifts in development intervention. Thence, it provides a 
theoretical model for intervention and the evaluation approach for validating the 
model. 
The chapter is organised in five sections. The next and second section covers the 
theoretical review. Section three presents and discusses the model for food security 
intervention. In section four, the evaluation approach for validating the model is 
explained while section five concludes the chapter. 
 
2.2 Household food security and intervention  
2.2.1 Household food security  
Food security has been defined as “when all people, at all times, have physical and 
economic access to sufficient, safe and nutritious food to meet their dietary needs and 
food preferences for an active and healthy life”. The opposite condition, food 
insecurity is defined as “limited or uncertain availability of nutritionally adequate and 
safe foods” (FAO, 2003b). While these definitions are inclusive of national or 
regional food security, their application throughout this study is with reference to 
households. Household is used within the definition by Shaner et al., (1982) as “a 
social organization in which members live and sleep in the same place and share 
meals”. Further, a distinction is made between rural and urban households because 
they have different strategies for obtaining food. The concern for this study is 
household food security within the rural dryland setting. 
Household food security context and rationale for intervention is explained by the 
food security framework (figure 2-1) applied in food security analysis (e.g. FANTA 
2007). It covers two core aspects (Nyariki et al., 1997; Smith et al., 1998; European 
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Commission, 2000; FAO, 2003b; Nyariki et al., 2002; FANTA, 2007): availability 
and access. Availability is the amount of food in the immediate reach by the 
households and largely depends on domestic food production and storage. Access 
mainly refers to the ability of a household to obtain food from the market and depends 
on its purchasing power which varies in relation to market integration, prices and 
temporal market conditions. Food utilization which leads to nutritional security refers 
to the proper biological use of food and is determined by the safety and quality of 
food, intra-household distribution and health status. 
The degree of vulnerability to food insecurity depends on the nature of the risk and a 
household’s resilience to it. Risk is defined as “the combination of probability of 
occurrence of a defined hazard (unpreventable phenomenon) and the magnitude of the 
consequences (FANTA, 2007). Vulnerability is “exposure and sensitivity to 
livelihood shocks”. A household’s resilience often depends on how well it can re-
organise and adapt; which further depends on the demographic characteristics, assets 
and livelihood strategies (Nyariki et al., 2002; D’Haese et al., 2005; FANTA, 2007). 
In real life, farmers aim to maximize the household’s utility and therefore have to take 
account of risk which is an important factor given the nature of agricultural 
production. The risk measures the effect of uncertainty which arise from external 
factors. The food security risk factors in the drylands include natural shocks such as 
climate (drought) and natural resource degradation (soil, forests, water) which expose 
households to fluctuation in food production (European Commission, 2000; Nyariki et 
al., 2002). But the effect of climate change reflected in worsening aridity remains the 
most daunting (Tiffens, 2002).  
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Figure 2-1 Framework for understanding household food security intervention 
Source: Adapted from FANTA, 2007 
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Economic risk factors pertain to lack of opportunities for meaningful employment and 
good terms of trade and cause fluctuations in income and the price of food, eroding 
the purchasing power of households (Reardon, 1997; Muyanga, 2004). Social and 
health risks include disease epidemics (cholera, HIV/AIDS) which undermine food 
access (due to eroded power to produce, generate incomes and save) and utilization 
(FANTA, 2007). Political risks include civil strife, but of particular is poor 
governance which undermine the creation and distribution of resources such as roads, 
education and healthcare, which affect all the aspects of food security (FANTA, 
2007). Institutional failures such as weak extension services constitute a source of 
production risk. The lack of market information and the variations in the prices of 
inputs and outputs cause market uncertainty (World Bank, 2002).  
The rationale for food security intervention is to enhance the outcome of food security 
by reducing exposure to shocks or risks or increasing the ability of households to 
manage the shocks (European Commission, 2000; FANTA, 2007). Towards these 
ends, a multiple strategy intervention is advocated, spread at three levels. At the first 
level, the resilience of households is enhanced by improving the sustainability of 
natural resources (water, soil, forests); improving access to productive assets and 
ensuring that they have secure livelihoods, through use of irrigation, reforestation, and 
use of soil and water conservation measures. At the second level, the livelihood 
capacity of households is enhanced by improving productivity and income. This is 
achievable through strategies that raise labour productivity, livelihood stability and 
diversification, purchasing power, access to savings and credit, as well as integration 
of households into the mainstream markets. At the third and last level, the human 
capital is strengthened by focusing on nutrition, health, sanitation, education, skills 
and local knowledge, in order to improve food consumption. 
A key feature in this framework is the concept of sustainability defined as “the 
increase in economic activity which respects the environment and uses natural 
resources harmoniously so that future generations’ capacity to meet their own needs is 
not compromised” (European Commission, 1999). But it also encompasses concerns 
of the types of livelihood resources that result to adoption of specific livelihood 
strategies that enhance household food security (Long, 1997). Livelihood resources 
are described as the ‘capital’ base from which different productive streams are derived 
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to construct livelihoods (Scoones, 1998; Johnson, 1997). They have been categorized 
into economic, physical, natural, human and social (Scoones, 1998; Bebbington, 
1999; DFID, 2004).  Economic or financial resources refer to the capital assets such 
as cash, credit, savings, working capital and investment; technologies, livestock, seeds 
and information essential for the pursuit of livelihood strategies. Physical capital 
refers to physical assets such roads, basic infrastructure and production equipment. 
Natural resources refer to the stock and quality of natural resources (soils, water, 
forests, air and genetic resources) and environmental services (hydrological cycle and 
carbon sequestration) from which livelihoods are derived. Human capital refers to the 
capacities, skills, knowledge and physical capability for the successful pursuit of 
livelihood strategies. Human capital develops from both formal training and 
experience. Livelihood strategies refers to the way people resolve livelihood problems 
and organize their resources by actively pursuing their own ‘projects’ and patterns of 
organization. 
The context of food security framework (figure 2-1) is explained by the theory of food 
security intervention. 
 
2.2.2 Food security intervention 
Intervention has been defined (European Commission, 1999): as “any action or 
operation (policy, programme, measure or project) carried out by public authorities”. 
Within the same context, policy refers to a “set of different activities (programmes, 
laws, procedures) directed towards a single goal or objective”; programme is “an 
organised set of financial, organisational and human resources mobilised to achieve 
an objective in a specified time lapse”; measure refers to “the basic unit of 
programme management consisting of a set of similar projects and disposing of a 
precisely defined budget”; and project is “a non-divisible operation, delimited in 
terms of schedule and budget, and placed under the responsibility of an operator”. 
Food security intervention can be said to refer to policy, programme, measure or 
project that addresses any of the food security outcomes. In this study, the word 
intervention is used with reference to project or programme, where not qualified. 
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Whatever the form, Ramirez (2002) links intervention to development practice whose 
function is that of relating an external actor (intervener) with a hosting actor 
(intervened). He adds that any intervention has a specific type of discourse that is 
explicitly stated and materialises in a series of activities conducted with a specific 
approach and combination of methodologies. Furthermore, intervention requires a 
legitimized institutional setting of norms, rules and values that guide it and within 
which the activities are implemented. The discursive formulation of an intervention 
gives it a specific objective, direction, shape and situational interpretation of the- to- 
be modified situation and the imagined or planned situation or outcome (Ramirez, 
2002). In the case of food security intervention, this discursive formulation is based 
on the global challenge of reducing poverty in which food insecurity is a 
manifestation of; and is a historically produced discourse (Escobar, 1995). That is, the 
ways in which societies have been subjected to systematic, detailed and 
comprehensive food security interventions are rooted in how the problem of poverty 
was conceptualised and analysed and how development as a domain of thought and 
experience evolved. 
The last half century has witnessed shifts in rural development practice by donors and 
governments in developing countries; as influenced by economic and agricultural 
development theories as well as broader thinking about social, non-agricultural and 
national development (Ellis and Biggs, 2001). This is firstly manifested in the way 
donor organizations have directed approaches for development interventions as well 
as tools to evaluate them using structured, logical approach for setting priorities and 
determining the intended results – the project cycle (Dearden and Kowalski, 2003).  
This guides interventions through the successive stages of diagnosis, definition of 
objectives, planning of actions, implementation and evaluation. Secondly, it is 
manifested in the sequential phases in rural development occurring as a series of 
overlapping development paradigms and themes (figure 2-2). Ellis and Biggs (2001) 
summarise the paradigms into several chronological categories: Modernisation, small 
farm agricultural productivity, participation and sustainability. 
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Figure 2-2 Historical rural development paradigms and popular themes 
Source: Ellis and Biggs (2001) 
NOTE: PRSPs denotes Poverty Reduction Strategy Papers 
 
Modernization paradigm of 1950s -1960s 
The ‘Modernization’ paradigm of the 1950s, sought to correct post-World War II 
poverty through concentration of resources on the modern economic sector 
constituted by large agricultural farms and manufacturing (Waller, 2002). 
Modernisation in the agricultural sector was characterised by high-input strategies: 
agricultural technology development and transfer, irrigation, fertilizers as well as 
mechanization (the Green revolution). The belief was that the spread of technological 
knowledge would stimulate agricultural production which would firstly lead to 
national self-sufficiency in food supplies and secondly, to economic growth raising 
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the living conditions of the masses (Willis, 2005). The subsistence agricultural sector 
was perceived unable to attain the efficiencies needed for high economic growth. It 
could nonetheless provide resources, particularly labour for development of the 
modern sector. In the rural areas, development theme took the form of state-initiated 
community projects such as construction of roads to link with urban centres (Ellis and 
Biggs, 2001).  
Implication for food security was that increasing domestic supplies would bring down 
food prices and improve food access. Furthermore, employment in the modern sector 
would guarantee their purchasing power, a trickle-down effect (Worsley, 1984; Ellis 
and Biggs, 2001). 
By mid 1960s however, it became clear that the modernization approach was not 
effective in alleviating global poverty and hunger. Rondinelli, (1993) reports that in 
most regions, there were large disparities in distribution of resources (e.g. land) and 
supplies which led to poor harvests. Not surprisingly then, the levels of living of the 
masses remained mostly unchanged (Todaro, 2002). Sen, (1999) reports that hunger 
and poverty was deepening while global per capita food production was rising. He 
adds that this was suggestive of distributional problem; requiring structural solutions 
The ddiscontent with modernization approach led to the first paradigm shift to focus 
on small farm agriculture by the World Bank and the International Labour 
Organization (ILO).  
 
Small farm focus (1960s -2000s) 
In the 1960s through to the ‘70s, development intervention efforts shifted to 
stimulating internal demand for food, expanding economic participation of peasants, 
developing human resources and reducing disparities in incomes through ensuring 
equity in the distribution of resources, particularly land (Rondinelli, 1993). In the so 
called ‘growth with redistribution’, themes such as ‘Basic Needs Approach’ (BNA) 
and ‘Integrated Rural Development’ (IRD) became popular in the field of 
intervention. BNA was concerned with delivery of services (credit, agricultural 
extension, marketing, etc.) and inputs (machines, fertilizers, seeds) to rural poor 
households (De Beer and Swanepoel, 1998), important for enhancing productivity in 
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these regions (Singh, 1990). IRD emphasised wide coverage of services, beyond 
agricultural input to road infrastructure, health and water. Development was measured 
in terms of access to these goods and services by the poor (Mulwa, 2004). Ross 
(1998) argues that this approach was based on structural view of poverty pivoted on 
‘employment thinking’. It encouraged interventions on creation of jobs and land 
reform for the rural poor to create own jobs in agriculture. 
Improved agricultural production at household level would ensure that households 
have sufficient food supplies which would eventually result in national sufficiency 
(Dijkstra, 1997). Besides, Delgado et al., (1998) argue that rising output in small 
farms result in ‘rural linkages’ that spur the growth of labour intensive non-farm 
employment activities in rural areas. This would further augment the capacity of 
households to acquire food. 
Contrary to expectations, growth with redistribution focused on raising the efficiency 
of small farms did not produce significant results globally. Rondinelli (1993) reports 
that the mobilised national resources ended up strengthening the central government 
institutions while marginalizing local organizations. In addition, the approach was 
said to have been riddled with bureaucratic bottlenecks that delayed timely delivery of 
supplies to rural areas. Mulwa (2004), reports that the BNA was devoid of 
methodological rigour and disincentives to farmers. This is in echoing Eade and 
Williams (1995) who earlier had criticized the approach with authoritative assertion 
that “strictly defining interventions in terms of material inputs weakens and 
undermines people’s capacities in local production systems, local organizations and 
self-esteem”. Mulwa (2004) proceeds to add that, “this approach could not have led to 
sustainable impacts as application of ‘supplied’ technologies ceased as soon as the 
intervention projects phased-out”.  
The inefficiency of the growth with redistribution had donors rethinking about 
processes of development. By late 1980s, the second major shift in paradigm came in 
the form of changes in development approaches, but the focus on small farm 
agriculture remained (Ellis and Biggs, 2001). It was during this time that popular 
development themes, such as ‘participatory’ development, ‘sustainability’ and the 
‘Structural Adjustment Programmes’ (SAPs), collectively called process approaches 
(Ellis and Biggs, 2001) emerged. 
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Process approaches to development   
In the 1980s and 1990s, the switch was from the ‘top-down’ or ‘blueprint’ approach 
to development characterised by external technologies and national-level policies, to 
the so called ‘bottom-up’ ‘grass root’ or ‘process’ approach (Rondinelli, 1993; Mosse 
et al., 1998). Process approach envisages rural development as a participatory process 
that empowers the rural population to take control of their own priorities for 
sustainable change (Chambers; 1994; Mulwa, 2004). The central focus became 
sustainability of livelihoods based on agriculture (Scoones and Thompson, 1994).  
The popular theme “Sustainable livelihoods” (SL) emerged as a framework for 
analysing household food security and famines through works of Sen (1981), Scoones 
(1998) and Carney (1999). It was supported by empirical research indicating that in 
reality, farming activities corresponded to only 40 – 60 percent of livelihood sources 
of households in many developing countries (Reardon, 1997). Furthermore, rural 
growth linkages advocated under modernisation of agriculture did not explain the 
pattern of activity and income sources corresponding to the non-farm components of 
rural livelihoods. On the contrary, remittances, wages and salaries from activities with 
little or no linkages to agriculture are always important to household food security. It 
was thus considered as an integrating framework in food security intervention.  
SL embraces an open-ended view of the combination of assets and activities that 
constitute a sustainable livelihood strategy for the rural household (Chambers and 
Conway, 1992; Scoones, 1998; Sen, 1999; Ellis and Biggs, 2001; Pyatt, 2001).  
Within the context of social development, Basiago (1995) gives several 
interpretations of sustainability based on sector contexts, social, economic, 
environmental, structural and technological. Social sustainability refers to “the 
restoration of people’s sense of worth, dignity and self belief”. It requires that 
interventions avoid doing things for the people, but rather enable them to act on their 
own. This implies the popular participation of (Bhatnagar et al., 1992); Watkins, 
1995; Eade and Williams, 1995; Mulwa, 2004) where interventions have strong 
political support, multi-sector collaboration, community participation, use of existing 
community institutions and local practices. Economic sustainability is “the ability to 
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create and mobilise resources”. It refers to the ability of a livelihood to cope with and 
recover from stresses and shocks, which is crucial to livelihood adaptation (long-term 
shifts in livelihood strategies) and coping (temporary adjustment in the face of 
changes). It also requires that interventions promote people’s ability to generate 
incomes through viable projects, preferably initiated without donor funding.  
Environmental sustainability “relates to the use of resources and preservation of the 
environment”. “It is the ability of a system to maintain productivity when subject to 
stress or shock”. It requires that people develop the ability to generate, exploit and 
replenish natural resources to ensure adequate base to meet present and future needs. 
Structural sustainability refers to “organizational development through structural 
transformation”. It requires transformation of dominant institutions in the community 
to become more responsive and sensitive to local needs and aspirations. This 
sensitivity will challenge people to deal with the root causes of their problems. 
Technological sustainability involves “an effort to develop appropriate technology 
and promote the use of indigenous technical knowledge”. People seek to achieve 
control of technology as they integrate new technology with their knowledge towards 
self-sufficiency. This requires local capacity building through training to sustain 
internal operations without becoming dependent on external expertise. 
The word “technology” is used here to imply improved ways of improving 
livelihoods such as improved crop varieties and livestock breeds, soil and water 
conservation, food preservation and storage, farm implements and food handling.  
In this context, Bhatnagar et al., (1992) argue that the most important outcome of 
development activity might not be an increase in economic production or incomes but 
rather the development of the people’s capacity to initiate actions on their own or 
influence decisions of more powerful actors (Arce and Long, 2000; Long and Long, 
1992; Mulwa, 2004). The theory is that rural development would be realised and 
sustained if communities are involved in the development process (see Hope and 
Timmel, 2000).  
Some key development themes that were reflected in the rural sector were: 
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as found in most African countries (Chambers et al., 1989). Focused on 
development of technologies on farmers’ fields and with the farmers, FS 
aimed at empowering farmers in technology development through a blend 
of modern technology with local knowledge into (Long and Villarea, 
1994; Ashby et al., 2000) into technology packages that not only focus on 
technical efficiency but also counter the unpredictable effects of weather, 
market forces, and the interplay between community-based activities and 
household resources (Richards, 1989).  
• Participatory methods emphasising the participation of the rural 
communities in problem identification, formulation of interventions, 
implementation and evaluation of the same (Chambers, 1994; 1997). The 
underlying principle in participatory approaches is capacity building 
efforts among the beneficiaries. Capacity building is the process of 
strengthening people’s ability and capability to determine their own values 
and priorities; and to organise themselves to act on these priorities (Eade 
and Williams, 1995). It calls for training of local leadership so that people 
can fully be involved in the project design, implementation and evaluation 
as well as identifying with the project goals and objectives. This is thought 
ensure local ownership and sustainability of benefits (Mulwa, 2004); 
• Actor-oriented perspectives on rural development where the community as 
a whole is represented, emphasising that participants in rural development, 
including the poor are actors with differing understandings of the 
processes of change in which they are involved and should therefore be 
included in decision-making (Long and Long, 1992); 
• Structural adjustment programmes (SAPs) and market liberalisation in the 
1980s and 1990s which led to withdrawal of the state from previous large-
scale control of the agricultural sector. The theory behind the SAPs was 
that relaxation of state controls in most of the economic sectors would 
create efficiency and economic development in developing countries; 
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• Emphasis on the uniqueness of local groups and individual experience 
rather than overarching economic theories as guide to action (Booth, 
1994); and, 
By the mid of 2000, the global poverty effects of liberalization policies diverted 
attention from processes back to development theory. This was backed by numerous 
studies (e.g. Ellis and Biggs, 2001; IFARD, 2001), pointing that in reality, few 
developing country governments and donors consider sufficiently multi-sector view 
of rural development. In effect, agriculture is supported in terms of funding of 
services to rural productive activity (research, extension, credit, seeds, etc) at the 
expense of creating an enabling environment for non-farm activities. Such activities 
such as removing barriers to trade and mobility would expand the opportunities of the 
rural poor to build their livelihoods. Ellis and Biggs (2001) conclude that a new 
paradigm of rural development should consider agriculture at the same level along 
other rural and non-rural activities important to the construction of viable rural 
livelihoods. 
It is perhaps with such sentiments in mind that the ensuing Poverty Reduction 
Strategy Papers (PRSPs) and development themes such as ‘globalization’ and’ New 
modernization’ of 2000s were hatched (see Dercon, 2003; Easterly, 2005). 
 
Globalisation and the ‘New modernization’ 
Rajaee (2000) defines Globalisation as “building a society that is economically 
interdependent and the integration of all national economies into one economy within 
the framework of capitalist markets”. It is argued that countries can be exposed to 
technologies and ideas that can create jobs, improve incomes and reduce poverty; and 
thereby have a positive influence on the food security status of people globally (FAO 
(2004) The implication of this integration has been increased competition at the 
international, national and regional levels. Murphy (2000) lashes at this phenomenon 
that “globalised systems and mechanisms of production, marketing and financing 
increasingly isolate and marginalise individuals, families and communities”. These 
are those who do not have the capacity to utilise the opportunities offered by the 
globalisation system (Lang, 2003). Easterly (2005) and the U.N, (2005) argue that 
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such marginalisation could be addressed through mechanisms as in the modernisation 
theory of the 1950s-the ‘new modernisation’. A key aspect of the ‘new-
modernization’ theory is ‘market-led research’ in which farmers work in collaboration 
with research institutes and the private sector to produce according to the market 
demand. For effectiveness of this approach, Stiglitz (1998; 2002) argue for 
coordinated microeconomic strategy with state regulations. In connection to this, 
Dorward et al., (2002) developed a model for policy intervention to raise productivity 
growth in cereals, but said to be applicable to other farm produce. This model (figure 
2-3) illustrates hierarchal phases of intervention. 
In the first phase, they propose establishment of the basics: infrastructure, irrigation, 
research and extension, and land reform (where necessary). In the next stage, they 
propose intervention in the market systems such as in (Kydd and Dorward, 2001): 
investment in communication infrastructure and in the institutional environment; in 
some form of non-competitive institutional arrangements (such as support to local 
microfinance organizations); direct intervention to foster bottom-up institutional 
innovation where parties can reduce transaction costs and risk; and subsidisation of 
contracting parties to overcome specific market failures and/or develop an industry 
and its institutions to the point where they are self-sustaining. That is, to “kick-start” 
the markets. The non-market cooperation of farmers is defended by Kydd (2002) 
arguing that it broadens common knowledge and increases confidence in the 
strategies likely to be taken by others; facilitates agreement about what may constitute 
a broadly acceptable distributive outcome; and enhances the ability of actors to take 
strategic action in the face of shocks through common diagnosis and common action.  
In the final stage of the Dorward et al., (2002) model, the intervention in input, output 
and credit markets are withdrawn in order to secure sustainable demand-generating 
output to induce non-agricultural growth linkages.  
The Dorward et al., (2002) model contains the basic elements for development take-
off (see for example Dercon, 2003), but raises several concerns: firstly, it is 
suggestive of conventional intervention approaches that have been criticised for being 
incapacitating and ‘doing’ development for the people (Chambers, and Cornway, 
1992; Pretty, 1995; Long; 1997; Adams, 2003; Mulwa, 2004).  Secondly, it is 
contrary to the principle of structural adjustment programmes of liberalization and 
31 
 
Theory and conceptual framework 
reduction of government subsidies. Even with the new idea of market linkages, the 
concept of state-led development is subject to scepticism. Direct intervention in the 
market systems and subsidies undermines sustainability and encourage dependency. 
Contrary to expectation, subsidies have been reported to encourage unprofitable 
production systems (Bezlepkina and Lansink, 2006).
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Figure 2-3 Policy phases to support agricultural transformation in selected areas 
Source: Dorward et al., (2002) 
 
Thirdly, the model tends to lay focus on the agricultural sector to drive the economy, 
despite calls for integrated strategies for poverty reduction in the post-liberalization 
era. Despite these weaknesses, the model contains fundamental elements for 
development intervention.  
 
2.2.3 Conclusions 
The foregoing theoretical discussion led to the following conclusions: 
Phase 3. Effective private sector 
withdrawal  markets 
Large volume of finance 
and input demand and 
produce supply 
Non-agricultural growth 
linkages
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i) The food security framework (figure 2-1) is a product of the main historical 
development paradigms and themes of the last half decade. It serves to guide 
on general food security analysis and intervention in the rural areas of 
developing countries. However, it falls short of providing regionally-specific 
strategies and processes. These are important for effective and sustainable 
food security intervention (European Commission, 2000); 
ii) Household food insecurity is interpreted as a manifestation of rural poverty. 
The intervention objectives have been embedded in general rural development 
themes which have mainly focused on enhancing access to resources for 
improvement of small farms’ productivity;  
iii) The process for achieving the productivity has been an overlap of 
conventional or “top-down” with participatory approaches. But there is need 
for coordination and sequencing of intervention activities on the ground; and, 
iv) In order to draw concrete lessons for bridging the gap between intervention 
practice and theory, evaluations of multiple, past interventions is necessary. 
 
The synthesis of the conclusions provides the basis for the formulation of the 
hypotheses upon which the theoretical model for household food security intervention 
and evaluation for Kenya’s drylands is build and validated. The theoretical model is a 
modification of the food security framework (figure 2-1), with additional elements 
from the Dorward et al., (2002) model, and other aspects specific to Kenya’s 
drylands. This is in agreement with Escobar (1995) that any analysis of food security 
must recognize the historical context of food security within development practice.  
The specific hypotheses are that intervention for sustainable household food security 
in dryland Kenya should: 
i) Simultaneously enhance food availability and access through processes 
which improve both farm productivity and non-farm income.  
The theoretical intervention model is presented and explained in the next section. 
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2.3 Theoretical model for food security intervention and evaluation 
The theoretical model (figure 2-4) is shaped by the conventional logical framework 
for intervention planning applied by donor organization (e.g. the GTZ, 1990; 
European Commission, 1999; IFAD, 1997) – the project cycle. The logical framework 
is favourable because it facilitates logical intervention and comprehensive evaluation 
of interventions. In essence, the model contains both intervention and evaluation 
frameworks. The context of each of the two frameworks is discussed in the next sub-
sections. 
 
2.3.1 The intervention framework 
The intervention framework which constitutes the intervention design refers to the 
logic of an intervention - identification of the problem, development of objectives, 
planning and implementation, monitoring and evaluation. Objectives refer to the 
explicit statement to be achieved by the intervention. Implementation is the 
operational actions, processes or strategies directed at attaining the set objectives 
(European Commission, 1999). Related to implementation are inputs which refer to 
the resources mobilized for the implementation of an intervention; outputs which are 
the measurable products of the intervention such as technologies generated with the 
inputs; and outcomes are the end results of the outputs (Alex, 1998; European 
Commission, 1999. 
 
Problem identification and development of intervention objectives 
For effectiveness of an interventions, intervention objectives and strategies must be 
derived from relevant theories, be clearly and precisely defined and measurable (Le 
Laurin, 1992; European Commission, 1999). In the model (figure 2-4), food security 
problems are identified by review of research and policy documents, and assessment 
of the vulnerability context of the community. Such review would certainly lead to the 
first hypothesised intervention objective of improvement in farm productivity and in 
non-farm income. 
 
Theory and conceptual framework 
Intervention logic (framework) 
 
Problem identification   Objective development Planning & implementation Monitoring  Evaluation 
     
  
     
     
 
   
     
 
  Relevance     Sustainability    Effectiveness   Impact & efficiency 
Evaluation logic (framework) 
Figure 2-4 Theoretical model for food security intervention and evaluation  
Note: Continuous arrows indicate logic of the intervention process and dashed ones show the logic for evaluation 
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The double objective is argued from empirical observation that food production alone 
cannot lead to stable food security firstly because of the climatic uncertainty which 
constitutes a high production risk factor in the drylands (Tiffens, 2002; Nyariki et al., 
2002). Secondly, even when sufficient food is produced, the lack of cash crop and 
non-farm employment oblige households to trade food for immediate cash needs and 
thereby become net buyers of food (Muyanga, 2004; Nyangito et al., 2004). Similarly, 
non-farm incomes are singly not sufficient for sustainable food security because they 
are low and unstable (Muyanga, 2004).  
The analysis would also inform on the fundamental hindrances to desirable farm 
productivity and incomes. The policy statements should also provide the guidelines 
for formulation of intervention strategies for achieving the proposed double objective. 
  
Planning and implementation  
This stage constitutes the “action” phase of the intervention whose objective is to 
bridge identified gaps which would facilitate eventual improvements in farm 
productivity, incomes and food consumption.  
For impact and sustainability of interventions, adequate access to relevant resources 
(human, natural, and others) for achieving the double objective is proposed.  
The processes for achievement of these effects, constitutes the second hypothesis of 
this research: use of participatory processes involving three- level linkages-, policy, 
institutional and community (figure 2-5).  
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structures 
(Support & regulation)
Figure 2-5 Proposed institutional linkages for sustainable household food security 
Public service institutions Private institutions: 
(Collaborators) 
Intervention managers 
 (Consultants) (Facilitators) 
Local community  
groups & individuals 
( Planners) 
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The importance of each of these levels is explained in the following sections. 
• Policy level linkages 
At the policy level, national and local government structures are proposed to support 
and regulate interventions. This means that there should be formation of a governing 
body to spearhead and guide the operation of private interventions and provide 
coordination of activities at national and district levels. This would ensure progressive 
intervention proposed by Dorward et al., (2002), and enhance efficiency, 
accountability and sustainability of the development intervention process.  
The proposal for institutional coordination and monitoring of interventions is 
motivated by disturbing reports of compromises in management, particularly of 
NGOs in Kenya. In 1998, for example, Mulwa and Nguluu (2003) report an estimated 
6 to 10 billion Kenya shillings (approx. 1 million US dollars) of donor aid to have 
been channelled through NGOs. Ironically, close to 80 percent of the 1100 registered 
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NGOs were not operating under NGO principles and values; and 25 percent only 
existed on paper (Mulwa and Nguluu, 2003). Worse, what happened to all that money 
is unknown, because NGOs are not accountable to public authorities. Yet food 
insecurity in the country continues to spread.  
State support as advocated in this model also implies creation of an enabling 
environment as of development and maintenance of key social infrastructures: road, 
health and education as well as budgetary allocations to development activities at 
community and institutional level.  
• Institutional level linkages 
At the institutional level, interventions occupy a central role as collaborators with 
public institutions and private market institutions. The rationale for linkages with 
public institutions is grounded on two arguments. The first is what Pretty (1995) calls 
restrictive bureaucracy in public institutions that does not have sufficient flexibility 
for staff to make effective and timely changes at the farm level. Partnership with 
farmers relaxes this bureaucracy and promotes horizontal interaction; necessary 
because resources are under the control of the public organizations. The second 
argument for multiple institutional linkages supports the view that the majority of 
agricultural professionals working with farmers are specialists and have therefore a 
narrow perspective of the world. Partnership with development practitioners (e.g. 
NGOs) can link farmers to a wide range of specialists so that access to a wide range 
of resources is facilitated. In this case, the public institutions function as consultants 
extending technical know-how, technologies and skills to farmer son demand. In this 
model, collaboration with public institutions would also ensure that intervention 
activities do not overlap in time and space; and that diverse resources (technology, 
skills, irrigation, etc.) are available. Furthermore, it would provide incentive for 
government support of the intervention. 
 
Linkage to markets is supported from the view that markets are not perfect; and in 
particular, the flow of market information is hampered by structural problems 
(Dorward et al., 2002). Private marketing institutions can provide inputs for improved 
competitiveness in the global market (European Commission, 2000; FAO, 2003a; 
FAO, 2004) while public institutions provide the machinery for intervention. 
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Collaboration of intervention managers with private market institutions would ensure 
supply of community groups and individuals with market information, opportunities 
for trade and facilitate competitiveness through provision of services such as credit 
and inputs (European Commission, 2000; Narayanamoorthy, 2001; United Nations, 
2005; Nzomoi et al., 2007). 
 
• Community level linkages 
At the community level, local groups and individuals function as central development 
planning units. empowered to diagnose community problems, consult with 
development practitioners: intervention managers who build their capacity, public 
institutions who provide necessary resources or services (research, extension, health, 
water) and private market institutions (inputs, credit and output). This would facilitate 
the community to gain adequate access to livelihood resources implied in Pretty 
(1995). Eventually, it would further enable adoption of appropriate strategies such as 
diversification into higher value products (dairy, horticulture, etc.), adding value and, 
entering into contractual agreements that are advantageous to producers in terms of 
price and time; and into non-agricultural employment activities. Such strategies would 
have income-stabilising effects necessary to smooth consumption in lean food crop 
harvest periods. Individual community members could benefit by joining relevant 
local groups (dairy, poultry, mixed-farming) or simply by learning from progressive 
farmers.  
The argument for participation of local organizations is that the resources upon which 
communities draw livelihoods are public goods (e.g. land, water, forests, etc.) and 
hence require coordinated community management (Pretty, 1995). Furthermore, local 
groups are reportedly instrumental to reaching diverse community objectives, such as 
access to productive resources, organize labour resources and mobilise material 
resources (credit, marketing) to help produce more, provide a link between farmers 
and research institutions and extension services, improve the flow of information to 
government, NGOs and rural population; and improve social cohesion and provide 
framework for cooperative action, helping organize people to generate and use their 
own knowledge to advocate their rights (Cernea, 1991, 1993; Norton, 1992; Uphoff, 
1992). 
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The term local refers to “anything that is not national, but has the special 
characteristic in that it provides the basis for collective action, building consensus for 
undertaking coordination of responsibilities, and for collecting, analysing and 
evaluating information” (Uphoff, 1992). He adds that small groups offer the trust and 
mutual assistance necessary for collective action and mobilising of resources on a 
self-sustaining basis. On the same note, Pretty (1995) argue that people feel more 
mutual rapport and a sense of obligation at these levels than at district or national 
levels which are political constructions. Furthermore, the decisions and actions 
reached here are more likely to be sustained than if taken at individual or household 
level (Pretty, 1994; Gottret and Raymond, 2003). 
For effectiveness though, the local organisations need to be capacitated. In this 
context, facilitation of intervention managers whose input is building the capacity of 
the local organizations becomes relevant. Capacity building is here defined according 
to Eade and William (1995) as “the process of strengthening people’s ability and 
capacity to determine their own values and priorities, and to be organized to act on the 
same”. Specific activities include strengthening the organizational capacity of groups 
and individuals (training of group dynamics and leadership management) and training 
for action (Mulwa, 2004).  
 
Monitoring and evaluation  
Implementation of the intervention is accompanied by monitoring. The objective in 
the proposed model is to ensure that households have acquired adequate capacity 
measured by adequate access to relevant resources for enhancing farm productivity 
and incomes. 
Evaluation as implied in this model follows the logic of the intervention and is 
elaborated in the next section.  
 
2.3.2 The evaluation framework  
The logic of the evaluation implies ex-post evaluation undertaken at the completion of 
an intervention. This is opposed to ex-ante and mid-term evaluations undertaken at 
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the beginning and middle of interventions (Anderson et al., 1998; European 
Commission 1999; Rojas; 2000). Ex-post evaluation is defined as a “process which 
attempts to determine, as systematically and objectively as possible, the relevance, 
effectiveness and impact of activities, in the light of their objectives, aims and 
purposes” (Mulwa et al., 2003). It is formative evaluation, relevant in bridging the gap 
between development practice and theory. For this reason, it analyses the design and 
efficacy of the intervention. It tests the relevance of the intervention objectives; the 
sustainability of the processes, and the effects - the effectiveness, impacts and the 
efficiency of the interventions. 
The evaluation framework has been applied in this study to validate the intervention 
model, and is further explained within this context.  
 
2.4 Validation of the theoretical model: the evaluation method and tools 
In validation of the theoretical intervention model, the study purposed to test the sub-
hypotheses that: the use of the double objective in intervention is relevant for the 
drylands, that the use of the proposed linkages leads to sustainable interventions, that 
relevant and sustainable interventions result in effectiveness in resource access and 
that, effective interventions have impact in food security and are efficient.  
These sub-hypotheses correspond to the criteria of ex-post evaluation and lead to the 
validation of the two research hypotheses stated in section 2.1. In empirical terms, the 
first hypothesis is to be accepted if only interventions using the double objective of 
raising farm productivity and non-farm incomes of households are significantly 
effective in improving the food security status of the participants; and it is to be 
rejected otherwise. Similarly, the second hypothesis is to be accepted if only 
interventions using participatory processes of building the capacity of participants to 
forge linkages with public and private institutions are significantly effective; and it is 
to be rejected otherwise. 
A mixed-method evaluation approach is proposed, but more inclined to the 
conventional approach. The mixed method is opposed to either conventional or 
participatory methods, which have specific flaws and strengths, limiting exclusive 
application. The conventional method provides credit to the evaluation from 
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methodological rigour using quantitative data and economic surplus analytical tools 
that allow it to measure intervention effects in an objective, reliable and valid way 
(Torres and Preskill, 2001; Pachico and Fujisaka, 2004). It can also measure cost-
benefit ratios (Alston et al., 1995) as well as programme design (Weiss, 1998). Its 
disadvantages which limit its exclusive application are mentioned in the works of 
Kuhn, (1962); Lincoln and Guba, 1985; Chambers, 1993; Mulwa, 1994; Chambers, 
1997; Patton, 1997; Hope and Timmel, 2000; Thekaekara, 2000; Fetterman, 2001; 
Torres and Preskill, 2001; Mulwa, 2002; Mulwa and Nguluu, 2003; Mulwa, 2004). In 
particular is the tendency of the method to sum up dynamic social problems such as 
poverty into a single measurement constituting a single continuum; say the poverty 
line which does not capture the many dimensions of deprivation as perceived by the 
rural poor (Mulwa (1994). Moreover, the method provides insufficient feedback on 
the processes through which planned interventions result in the measured economic, 
social and environmental outcomes, and are of limited contribution towards 
improvements of intervention designs (Mulwa and Nguluu, 2003). 
The participatory methods are proposed to counter the weaknesses of the conventional 
method. They augment the quality of the evaluation by using the input and 
cooperation of all stakeholders in an intervention (Chambers, 1997; Ryan, 1998; 
Mertens, 2001; Leeuwis et al., 2002). They have the capacity to provide qualitative 
feedback; what Mulwa (2004) refers to as telling the story from the participants’ point 
of view. Though subjective, the qualitative feedback from different intervention 
stakeholders captures dimensions of the intervention that cannot be summed up in 
figures; and so enhances the understanding and interpretation of observed results, 
important for improvement of the intervention process (Brandon, 1998; Ryan, 1998; 
Cockerill et al., 2000; Torres and Preskill, 2001; Fetterman, 2001; Mulwa, 2004). The 
problems with the participatory approaches which limit their exclusive application 
include the fact that they are time consuming and can breed conflict between 
stakeholders, are subjective and can be biased (Mulwa, 2004).  
Combined though, the two methods result in a more credible evaluation (Chambers 
and Conway, 1992; Chambers, 1993; Mark et al., 2000; Smith, 2001; Mulwa, 2004). 
Chung et al., (1997) specifically encourage application of mixed methods in 
identifying the food insecure.  
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The specific participatory or conventional evaluation (mixed) tools proposed for 
application in the evaluation framework are mentioned within the description of the 
two components of the framework: design and effects. 
 
1. Evaluation of intervention design: objectives, relevance and sustainability  
The purpose of analysing the intervention design is to identify intervention objectives, 
inputs, outputs and strategies; and to determine whether the interventions sought to 
meet the double objective of improving farm productivity and non-farm incomes of 
the participants, whether the strategies used were relevant to food security problem 
context of the region and whether the processes were sustainable.  
The analysis is differentiated into the following categories requiring different 
analytical tools. 
• Analysis of the intervention structure 
Intervention structure is defined as “a systematic analysis of the intervention process 
whose objective is highlighting on the objectives and actions of the intervention: what 
was done, by whom, when and for what” (European commission, 1999).  
The results of the structure inform on whether the objectives of the intervention 
reflect food security context as outlined in research and policy documents.  
Structuring is based on the conventional logical framework technique (logframe) 
applied in intervention planning (e.g. Agencé Canadienne de Développement 
International, 1981; European Commission, 1993; 1999). It is credited for its ability to 
clarify links between means and ends, exogenous constraints and the solutions that 
can guard against their influence (NORAD, 1996; Nancholas, 1998; European 
Commission, 1999; Lefevré et al., 2001). Its problem lies in that it cannot be extended 
to cases of complex projects with multiple objectives. For this reason, it is aided by 
the Theoretical Impact Model (TIM) (e.g. GTZ, 1990).  
For this reason, the (TIM) is proposed for aiding the construction of the intervention 
structure. The TIM developed by works of Weiss (1998) and Davidson (2000) is a 
diagram showing logical relations between intervention measures and explicit 
impacts; highlighting intervention strategies, expected intermediate and global 
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impacts (Ezemenari et al., 1999; Commission European, 1999; Rogers et al., 2000; 
Wandersman et al., 2000; Lefevré et al., 2001). Its strength lies in the evaluator’s 
ability to make causal inferences (Reynolds, 1998; Birckmayer and Weiss, 2000).  
The data for constructing this exercise should come from intervention documents 
aided by interviews with project managers (European Commission, 1999). 
• Analysis of the relevance of objectives  
In general, relevance “seeks to identify whether intervention strategies were 
appropriate in relation to set objectives” (European Commission, 1999). This is 
important because the strategies are derived from secondary information (documents), 
with little or no participation of the target.  
By implication, qualitative techniques which reflect the opinions of participants are 
proposed. One of the techniques for analyzing the generated data is the Stochastic 
Dominance (SD) method applied by for example Urcola and Lowensberg-DeBoer 
(2006). Its advantage lies in the ability to summarize qualitative information that is 
not easily captured by statistical parameters, and works with any kind of distribution. 
Furthermore, the method ranks alternatives based on their risk characteristics, and on 
two aspects of human behavior: that most humans prefer more to less of most goods 
and that individuals are risk averse; they avoid low value outcomes (Chaves and Holt, 
1996). The results from the analysis indicate the least risk intervention strategy.  
 
• Analysis of sustainability of the processes 
Assessment of sustainability depends on the definition adapted. In this framework, 
sustainability is confined to the social definition which encompasses strong political 
support, multi-sector collaboration, community participation and use of existing 
community groups (Pretty, 1995; Devereux, 2001; Mulwa, 2004; Nzomoi et al., 
2007). This would restore peoples’ sense of worth, respect and dignity essential for 
continuation of the processes in the medium and long terms (Besiege, 1995). 
Hypothetically, the use of the three-level linkages which entail the social definition of 
sustainability would make the intervention sustainable. The assessment measures the 
extent of application of the processes in the intervention. 
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The data for the analysis should hence come from intervention documents 
supplemented with information from intervention managers. The implied analytical 
tools are scoring techniques as described in Thorpe et al., (2006) and Boo and Reddy 
(2002). The advantage of scoring technique is that it permits comparison of different 
entities such as countries, interventions and organizations (Urcola and Lowensberg-
DeBoer, 2006). But they are subjective (Mohr, 1999; Boo and Reddy, 2002; 
Lowensberg-DeBoer, 2006).  
 
2. Evaluation of the intervention effects: effectiveness, impact and efficiency 
Effects refer to the socio-economic change resulting from an implemented 
intervention (European Commission, 1999). It includes measurement of treatment 
fidelity, here referred to as effectiveness; of impacts and efficiency (Le Laurin, 1992; 
European Commission, 1999).  
 
• Assessment of effectiveness 
Effectiveness measures the extent to which the planned objectives were implemented 
(Le Laurin, 1992; European Commission, 1999).  
In the proposed framework, analysis of effectiveness determines whether the planned 
activities such as linkages and trainings were sufficiently implemented, measured by 
the extent the expected outputs were realised. Focus is on determination of what kinds 
of livelihood resources households have access to as a result of participation in the 
intervention. Attention is on sequencing of, such as in consideration of whether one 
type of resource may be essential precursor for gaining access to others (Scoones, 
1998). This is important in understanding which resources are important and 
complementary, and the necessary incentives for their access. The hypothesis is that 
effective implementation of the double objectives through the proposed processes 
leads to adequate access to necessary resources. 
Both qualitative and quantitative tools are proposed for application in the analysis. 
The qualitative techniques are the commonly used descriptive statistics which are 
easy to understand by participants and intervention managers (e.g. European 
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commission, 1999; Bozo et al., 2005) and the ‘Effectiveness index (EI)’. EI is a 
measure of the gap in a given socio-economic parameter (e.g. resource) that has been 
filled due to the presence of an intervention (Mohr, 1995).  
Further analysis with regression models is proposed in order to account for effects of 
confounding factors in the access to resources (Ravallion, 2001). 
• Determination of intervention impacts 
The impact of an intervention on a beneficiary is “the difference in outcomes of the 
beneficiary with the intervention and without the intervention” (Ravelling, 2001).  
Within the framework of this study, the analysis of impact seeks to test the hypothesis 
that effective intervention in resource access result to significant impact in the 
expected food security outcomes: productivity and non-farm incomes. A further 
hypothesis is that improved farm productivity and incomes would result in significant 
food consumption of the participating households.  
Farm productivity measures the impact of strategies affecting food availability, and 
non-farm income levels measures the impact of food security strategies affecting the 
access aspect (Riely et al., 1999; Maxwell et al., 2004). Income measures are 
recommended in the case of integrated programmes covering a range of strategies 
(European Commission, 2000). However, it is argued that there is little correlation 
between household incomes and food consumption (see for example Deaton, 1997). 
For this reason, this research analyses the impact of intervention on food 
consumption. The measure proposed here, household calorie acquisition, is applicable 
in tracing changes occurring from production and income-enhancing strategies 
(Hoddinott, 1999; FAO, 2003b; FANTA, 2004). The method is opposed to others 
such as anthropometrics (FAO, 2003b; Coates, 2003), qualitative measures such the 
Radimer scale (USDA, 1995; Chung et al., 1997; Devereux (2001; Coates, 2003).  
 
For management of problems specific to the analysis of the impact of ex-post 
intervention, comparative analysis involving treatment and control groups is 
proposed. Within the same context, a combination of quantitative and qualitative tools 
is proposed (see Ravallion, 2001). Specifically, multiple-stage regression with 
instruments is proposed for its ability to deal with selection bias under endogeneity 
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(see Rossi and Freeman, 1982; Bollen et al., 1995; Heckman and Vytlacil, 1999; 
Ezemenari et al., 1999; Regalia, 1999; Ravallion, 2001; Imbens, 2004; Lee et al., 
2005). It also captures the effect on unobserved factors exogenous to the intervention 
(Bollen et al., 1995; Heckman et al., 1998; Dehejia and Wahba, 1999; Lee et al., 
2005).  Furthermore, a two-stage regression is argued to provide better estimates with 
less bias in situations where models may be incorrectly specified (Bollen et al., 2007).  
By implication, primary data collected from intervention participants is proposed, 
supplemented with secondary data from project reports.  
The regression analysis should be supplemented with qualitative information from 
both participants and managers, in order to capture much of the impacts of the 
multiple-strategy intervention (European Commission, 1999).  
• Assessment of intervention efficiency  
Efficiency checks whether the observed impacts were obtained at reasonable costs 
(European Commission, 1999).  
Often, economic efficiency is used as an indicator of performance, and is considered 
an integral part of evaluation (Palmer et al., 1999; European Commission, 1999; 
Renz, 2001; Wolff (2002). In this sense, the efficiency with which interventions are 
operated is often measured in terms of economic profitability using standard methods 
such as internal rate of return (IRR) (Hartwich and Oppen, 2006); cost-benefit 
analysis, cost effectiveness and cost utility analysis (Palmer et al.,1999). Though these 
cost-dependent measures of efficiency have been widely useful in intervention 
evaluation, they have been criticised for different reasons: aggregation (Phelps and 
Mushlin, 1991), subjectivity (Birch and Gafni, 1992) and being summative by not 
informing on areas and ways for improvement in the intervention design (Hartwich 
and Oppen, 2006). A more common problem is unavailability of sufficient data to 
estimate all the benefits and costs (Palmer et al., 1999; Hartwich and Oppen, 2006). It 
is for this reason that other tools of measuring efficiency are proposed, such as social 
efficiency (Foster and Sen, 1996) and technical efficiency (Hartwich and Oppen, 
2006). 
Technical efficiency is in particular preferred for informing on the ability of 
intervention participants to demonstrate capacity to use scarce resources efficiently. 
48 
 
Chapter 2 
The Data Envelopment Analysis (DEA) technique which analyses multiple-input 
multiple out-put relations to measure technical efficiency of programmes is proposed. 
It recognises explicitly the problem of a common set of weights within a research 
programme (Hartwich and Oppen, 2006). DEA is often used to analyse impact of 
multiple objective technology development interventions (see Day et al., 1995; 
Jonasson and Apland, 1996; Gillespie et al., 1997; Da Silva et al., 1997; Hartwich and 
Oppen, 2006). 
  
2.5 Conclusions 
The purpose of this chapter has been to formulate a theoretical intervention model for 
Kenya’s drylands and provide methods and tools for its validation. 
Methodologically, literature on the context of household food security and rationale 
for intervention, with attention to Kenya’s drylands was reviewed.  
The findings were that rural household food security concern two mains aspects: 
availability and access. The aspects are linked to farm productivity and incomes, 
respectively; and constitute the rationale for intervention. The strategies and processes 
for intervention have been shaped by evolving rural development themes which 
overlap in time and space. Along this evolution, improvement in smallholder 
agriculture has continued to take the centre stage, as the driving force for economic 
growth in developing countries. Yet, agricultural production alone has been found 
inadequate for achieving food security in the drylands. Other concerns have included 
the need for sustainability of intervention processes and impacts.  
Conclusively, household food security intervention in Kenya’s drylands must 
integrate strategies for food production with generation of non-farm incomes. 
Furthermore, participatory processes that seek to build the capacity of local 
community organizations to forge linkages with public and private institutions are 
desirable. Due to the overlap, bridging the information gap between intervention 
theory and practice requires analysis of multiple past interventions. The conclusions 
constitute the hypotheses upon which the intervention model for Kenya’s dryland was 
built.  
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The process for validating the intervention model is comprehensive evaluation based 
on the project cycle, using a mixed-method evaluation approach. The components of 
the evaluation and proposed analytical tools are summarised in table 2-1. They have 
been applied in the empirical section of this research which seeks to validate the 
theoretical model based on ex-post evaluation of case-studies. The selection of the 
study cases and the study units is discussed in next chapter on research setting and 
data collection.  
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Table 2-1 Summary of approaches and tools selected for evaluation of food security 
interventions 
Evaluation component 
 Structuringa Relevance & 
 Sustainabilitye,f 
  
Field 
observationb 
Impactsc Efficiencyd 
Approach Qualitative 
 
Qualitative 
 
Quantitative, 
qualitative 
 
Quantitative-
group 
comparison 
Quantitative 
 
Tool  
 
Impact 
model, 
logframe 
SD analysis & 
scoring 
techniques, 
respectively 
 
Structured 
questionnaires, 
participants’ 
statements 
 
Regressions 
 
DEA 
 
Data 
source 
Programme 
reports 
Interview with 
managers, 
programme 
reports, 
observation 
Interview with 
 participants 
Primary data 
 from 
questionnaires 
& intervention 
reports 
Results from 
impact 
assessment 
Sources: (diverse): a: Davidson, 2000; b: European Commission, 1999; c: Ravallion, 2001; d: Hartwich 
and Oppen, 2006; e: Chavas and Holt, 1996; f: Bojo and Reddy, 2002. 
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 3 Research setting and data collection 
“One doesn’t discover new lands without consenting to lose sight of the shore for a 
very long time” (Gide, 1925). 
Abstract 
This chapter describes the setting of the research and the data for the validation of the 
proposed model proposed in previous chapter. Five intervention case studies and a 
control group were selected comprising of 191 households. The data covered mainly 
household surveys using structured questionnaires covering household characteristics, 
production, income and food consumption parameters as well as intervention 
participation. 
 
3.1 Introduction 
The core objective of this research is to provide an intervention model for sustainable 
food security in Kenya’s drylands. In the previous chapter, the theoretical intervention 
model was developed and the methodology for its validation given as ex-post 
evaluation of multiple intervention case studies.  
This chapter describes the setting of the research and the data for the validation of the 
proposed model. The chapter has four sections: introduction, research setting, data 
and conclusion. 
3.2 Research setting 
The district covers an area of 7,263km2 elevating from 700m above sea level in the 
south to 1900m at the northern hills. Rainfall is bimodal and declines from 600mm in 
the northern hills to as low as 200mm in the southern plateau, but temperatures and 
evaporation and transpiration fall with increase in altitude. This gives rise to a wide 
range of agro-ecological zones, from moderate moisture (MM) potential in the hills 
where coffee and dairy may be grown, to the low moisture (LM) potential plateau best 
suited to ranching but where, due to population pressure, crops are planted at the risk 
of frequent harvest failures (GoK, 1986).  
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The district had about 800,000 inhabitants in 1999 and 144,320 households (KCBS, 
2006). A report by Danida (2004) show that 64 percent of the households are female-
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headed and 74 percent are living in absolute poverty. 75 percent of household income 
comes mainly from subsistence agriculture, supplemented by non-farm self-
employment (8 percent). The remaining (18 percent) include remittances and casual 
employment (Danida, 2004). 
Agricultural production in Makueni is characteristic of what is observed in Kenya’s 
drylands: variable levels of mixed crop and livestock production on declining land 
fertility, declining and erratic rainfall (Dixon et al., 1989; Tiffens, 1994). Crop 
production is rain-fed and is limited to a few months of the year, at most six with two 
crop seasons. But patches of irrigated vegetables and fruits are found along main 
rivers, and are found to be profitable (Dijkstra, 1997). 
 
3.3 Data collection 
The data collection process involved two phases. In the first phase, a preliminary 
survey of the district was undertaken in the period between September and December 
2005. The purpose of the survey was familiarization and collection explorative data 
on food security interventions in the district. The data was collected from reports from 
the district development office, Makueni. It was used for selection of the intervention 
case studies.  
The next phase was collection of the empirical data for testing of the sub-hypotheses 
formulated in chapter 1. Although longitudinal data provides more accurate 
information (Malhotra, 1999), financial and other technical constraints favoured 
multiple cross-sectional survey. Two data sets were gathered.  
The first set was for the evaluation of the intervention designs and test the first four 
sub-hypotheses. It was mainly qualitative gathered from project documents, and 
supplemented with interviews with project managers. The Interviews were conducted 
by the evaluator guided by semi-structured questionnaires. The information gathered 
pertained to among other, the coverage of the interventions in terms of objectives and 
processes (see annex 3.1 for details of the questionnaire). To facilitate analysis of 
interventions’ relevance, extra data was required which was collected from a small 
survey involving 40 randomly selected farmers in the study area. 
54 
 
Chapter 3 
The second data set was for the analysis of intervention effects. It was basically 
quantitative, collected by use of unstructured and structured questionnaires (see annex 
3.2), directly addressed to sampled households. The interviews were conducted with 
the aid of five technical enumerators, selected and given a two-days training on the 
exercise. These were the technicians who had been involved in the projects (one from 
each project area) and were therefore familiar with the respondents and instrumental 
in sampling. Even though this can introduce sampling and response errors (Malhotra, 
1999), it was the only way to get information on households who had participated in 
the interventions and their location. The questionnaires were first pre-tested on some 
households outside the sampled population. They were then adjusted and directly 
administered to the respondents.  
 
3.3.1 The sampling procedure  
A three-stage sampling procedure was used in which firstly, five administrative 
district divisions were selected; followed by the intervention cases and then 
respondent households. 
Selection of divisions and intervention case studies 
To capture diverse intervention designs, it would have been desirable to evaluate the 
seven categories of intervention designs. But, due to time and financial constraints, 
the maximum number of interventions that could be evaluated was pre-determined as 
five.  
Selection of the divisions was purposeful in the sense that it was linked to the 
selection of the interventions. Firstly, there had to have been an intervention project 
that could be selected and second it was logical to spread the survey across the food 
insecure regions of the district. Such information was available from the district 
development office. 
For the selection of the intervention cases, data from the preliminary survey was used. 
The results from the preliminary survey showed that about 21 intervention projects 
have operated in the district since the 1990s (report from the Makueni District 
Development Office). Most of these had phased-out and others were still in operation.  
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To select representative intervention cases for evaluation, the projects were first 
grouped according to the seven classes of Agricultural projects proposed by Van 
Rooyen et al., (2002). The distribution of the interventions is shown in figure 3-1.  
 
46%
6%6%6%
12%
12%
12%
Integrated
agriculture, health
& water
techonology
innovation
irrigation
capacity building
credit & finance
agriculture
food aid
 
Figure 3-1 Typology of intervention projects in Makueni 
 
The majority (46 percent) were what Van Rooyen et al., (2002) refers as “integrated 
agriculture, health and water”. The other significant projects (in terms of numbers) 
were “agriculture” (12 percent), “food aid” (12 percent), and “Credit and finance” (12 
percent). “Irrigation”, “technology innovation” and “Capacity building” were the least 
represented at 6 percent each. 
Five interventions were selected from the first five categories in the legend (figure 3-
1), because “food aid” is a temporary emergency measure, and “agriculture” is also 
found in the other categories. The following criteria were used to ensure selection of 
one intervention in each category and in each division.  
 
1. Placement: Intervention had to be located on agric-ecological zone vulnerable 
to food insecurity;  
2. Relevance: The intervention had to have had food security element 
(production-availability, income-access, nutrition/health/consumption) as one 
of its objectives to be relevant and have integrated in terms of strategies (given 
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the multi complexity of food insecurity in the rural set up: European 
Commission 1999; 2000);  
3. Evaluability: The intervention had to be evaluable in the sense of availability 
of technical personnel who could assist in identification of (ex) beneficiaries 
and facilitate in the data collection exercise. 
For each of the three criteria, contingency scores were used (see Bojo and Reddy, 
2002). Each intervention in each of the five locations was ranked from a scale of 1 to 
3 points; corresponding to ‘low’, ‘moderate’ and ‘high’ levels, respectively (table 3-
1).  
Table 3-1 Ranking criteria for selection of intervention case studies 
Scoring criteria 
 
 
Low 
(1) 
Moderate 
(2) 
High 
(3) 
Placement  LM 2 LM3 LM 4/5/6 
Relevance  Single strategy e.g. 
availability 
double strategy: 
availability, access  
More than two strategies: 
Availability, access, 
 consumption 
Evaluability Technical personnel 
 neither  
coordinated nor  
participated in  
the intervention 
Technical personnel only  
participated in the intervention 
Technical  
personnel coordinated  
the intervention  
Note: LM2-LM6 represent agro-ecological zones Lower Moisture potentials 2 – 6, with decreasing 
potential for crop production (GoK, 1986). 
 
The scores for each intervention were summed up and selection was made on the 
basis of the highest ranking intervention (see table 3-2). For example, if for 
intervention Xi, placement’ was in LM2, a score of 1 was given; 2 for ‘relevance’ if it 
had two strategies and 3 if there was technician who had participated in the 
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intervention. Intervention Xi would have total score of 6 indicated in the second last 
column of table 3-2. 
 
In total, five interventions were selected for evaluation, transversely located across the 
district (figure MAP 3-2). They were namely the Makueni Integrated Agricultural 
Project (MAP), representing the “Integrated” category; the International Crop 
Research Institute for Semi-arid Tropics project (ICRISATP) for “Technology 
innovation” the Community Based Nutrition Programme Project (CBNP) for category 
“Capacity building”; the Kenya Rural Enterprise Programme Bank (K-REP) 
representing “Credit and finance”, and the Kibwezi Irrigation Project (Irrigation) for 
the category “Irrigation”  
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Table 3-2 Ranking of interventions by the criteria of placement, relevance to food 
security and evaluability. 
Division Intervention name Placement  Relevance  
 
Evaluability  Total 
score  
Rank  
Kisau 
 
Wote 
 
 
 
Kathonzweni 
 
 
 
 
Kibwezi 
 
 
 
 
 
 
Makindu 
MAP 
CBNP 
MAP 
ICRISAT 
KADET 
BTC 
KAODA 
K-REP 
AMREF 
W. VISION 
ARIDZAK 
MACCOSUD 
AMREF 
IRRIGATION 
NEIGHBOURS 
ARIDZAK 
IFAD 
BTC 
GAA 
AMREF 
NEIGHBOURS 
RED CROSS 
IFARD 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
2 
2 
2 
1 
2 
2 
2 
2 
1 
1 
2 
2 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
3 
2 
3 
1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
2 
1 
2 
1 
1 
1 
2 
1 
2 
6 
9 
7 
8 
6 
5 
6 
7 
6 
6 
6 
5 
6 
8 
6 
5 
7 
5 
5 
6 
6 
5 
7 
4 
1 
3 
2 
4 
6 
4 
3 
4 
4 
4 
5 
4 
2 
4 
5 
3 
6 
5 
4 
4 
6 
3 
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Figure 3-2 Transversal location of selected interventions in Makueni district 
 
Selection of respondents  
Secondary to the selection of interventions was sampling of intervention participants 
for the main data collection exercise. Households and not individuals were considered 
as the unit of analysis because the targeting of interventions, the use of resources and 
access to food is mainly at household rather than individual level (Deaton, 1997). 
With this regard, the head of the household (or partner) was used as the source of 
information.  
The households were systematically randomly selected from a list of participants in 
each of the intervention cases. This list was compiled from the technical personnel 
based on memory recall. 
Community Based Nutrition 
Project (CBNP)
Makueni Agricultural  
Projects (MAP) 
International Crop Research 
Institute for Arid Tropics 
(ICRISATP)
Kenya - Rural 
Enterprise Project – 
Bank (K-REP) 
Kibwezi 
Irrigation 
Project  
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The sample size was estimated using the formula (equation 3-1) by Fleiss (1981) for 
sampling of units involving study of dichotomous variables in experimental setting 
(see Dell et al., (2002).  
 
       Equation 3-1 
 
Where n is the sample size to be estimated; Pc is the measured parameter without 
intervention as observed in the control group; Pe is the expected value of the measured 
parameter after intervention (in the treatment group); qc,e = 1- Pc,e ; d is the expected 
impact due to treatment, Pc - Pe expressed a positive quantity. C is a constant defined 
by the selected α and confidence level. 
To compute the sample size, the formula was applied under the following 
assumptions: 
• Assuming that the parameter to be measured in this study is the food security 
status of a household (secure or not),  
• Pc is the food security status without the interventions, the observed average 
food insecurity status in Makueni district = 50 percent (Wanjama, 2002; 
Nyariki et al., 2002); 
• Pe is the expected food security status with intervention, = 25 percent ( the 
average rate for non-poor districts in Kenya (Nyangito et al., 2004) 
• d, is the expected impact due to intervention, (Pc–Pe)  = 25 percent; 
• α , the required level of accuracy = 10 percent (assumed at and measured at 
confidence level of 95 percent). Then C, the constant is in this case 10.51 (see 
Dell et al., 2002).  
The estimated sample size was 16 households per intervention group, thus 80 for the 
five projects. This number (16) was considered as the minimum for each project, and 
a higher sample size was strove for, in order to facilitate use of regression models 
which require relatively larger sample sizes (Greene, 2000). The sample size was 
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therefore variable from project to project, depending on how available the households 
were for the interview. Communication was difficult as participants were widely 
dispersed. So when a selected household was not at available, another one was 
randomly picked. The process was time consuming thus the number varied with 
project area. In Kibwezi where farmers are more scattered, the sample was the 
smallest. The sampling error that may have been introduced by this aspect was 
assumed insignificance because of socio-economic homogeneity of rural households 
(Deaton, 1997). Nevertheless, the presence of selection bias was reduced by use of 
two-stage regression where the involving modelling of participation in an 
intervention. The bias cannot however be totally absent in pilot and targeted 
interventions (Ravallion, 2001). 
In addition to the project sample, another cluster of 57 households who did not 
participate in any of the projects (control) was included, five units randomly picked 
from each project area, and another 32 scattered all over the district. In total, 191 
households were interviewed, distributed as shown in table 3-2. 
 
Table 3-3 Selected intervention cases, location and respective sample sizes 
Project 
name 
Agricultural 
zone 
Location  Project category Sample 
frame  
Sample 
size 
MAP 
ICRISATP 
CBNP 
K-REP 
Irrigation 
Control 
Total 
LM 4 
LM 4 
LM 4 
LM 5 
LM 6 
Overall 
 
Wote 
Kambi 
Kisau 
Kathonzweni 
Kibwezi  
Overall 
 
Integrated 
Technology 
innovation 
Capacity building  
Credit & 
Microfinance 
Irrigation 
None (Control) 
 
150 
39 
87 
94 
153 
universal 
29 
25 
29 
28 
23 
57 
191 
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The data was managed and analysed mainly using the Statistical Package for Social 
Scientist (SPSS) computer software version 15. Exception was the use of LIMDEP 
version 8 for the analysis in chapter 7.  
To control for consistency given the small samples sizes, both descriptive analysis 
and regressions were used. Besides, the regressions were carried on pooled data for 
the intervention group and the control.  
 
3.4 Conclusions 
The objective of this chapter has been to describe the setting of the research and data.  
The district of Makueni was selected for its location in the drylands, high 
vulnerability to household food security and presence of many different food security 
interventions. Due to the ex-post design of the study, some challenges were 
encountered. The main challenge came from sampling. Specifically, it was difficult to 
find cooperative, ex-project managers to facilitate in sampling and data collection. 
Similarly, identification of ex-participants willing to volunteer the required 
information was difficult. This was particularly because most of the projects had 
already phased-out and the available technicians who had facilitated in the 
interventions could not recall all the beneficiaries. Selection of households was 
therefore not exclusively random as planned. Nonetheless, it was possible to interview 
191 household, an average of 27 households per intervention group plus the control; 
sufficient to derive some statistical inferences. 
The analytical methods were specific for each evaluation objective and summarised in 
table 3-4, and described in detail as they are applied in each of the empirical chapters. 
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Table 3-4 Summary of the empirical chapters and the analytical techniques applied 
Chapter  Title  Specific objective (s) Method(s) of analysis 
4 Analysis of 
intervention  
Case studies 
Identify intervention context 
Determine relevance of strategies 
Determine sustainability of 
 processes 
Logical framework & 
Impact model 
Scoring techniques & 
Stochastic 
Dominance 
Scoring techniques 
5 Intervention designs  
for adequate access to 
resource 
Identify the intervention designs which 
were effective in  
dissemination of resources 
Descriptive statistics 
& 
 regressions 
6 Impact of interventions 
on household food 
security 
To determine the interventions which had 
significant impact on household farm 
productivity and non-farm income; 
To determine whether simultaneous 
impact on productivity & income leads to 
significant impact on food acquisition.  
Descriptive statistics 
& regression 
7 Efficient food security 
interventions for the 
drylands 
To identify the interventions which led to 
efficient farm production  
Data envelopment 
analysis (DEA) & 
regression  
 
 
 4  Analysis of the case study designs  
“But you are planting the wrong species at the wrong time in the wrong place, and 
the survival rate will be almost zero. I know, said the project officer. It hurts my 
professional pride too. But there are people starving in this district, and this project 
brings them food” (Hudson, 1991). 
 
Abstract 
This chapter is focused on describing and analysing the relevance and sustainability of 
the five food security intervention case studies selected for evaluation. The logical 
framework and the theoretical impact model were used to guide the description of the 
interventions. The Stochastic Dominance technique and scoring techniques were used 
for the analysis of relevance of the interventions. Sustainability of the interventions’ 
processes was analysed using scoring techniques. The results showed that the case 
studies were generally focused on improving farm productivity mainly through 
transfer of improved farm technology. However, the most relevant strategies were 
access to domestic water supply and development of small and medium enterprises 
(SMEs), promoted by the MAP and K-REP interventions, respectively. In terms of 
sustainability, it was shown that the interventions generally tend to use the 
conventional intervention approach and have limited consideration for social 
sustainability achievable through capacity building processes. Conclusively, the food 
security interventions could be said to be of moderate relevance and sustainability in 
the sense that they tend not to address the priority needs (water and markets) or have 
considerations for social sustainability. The results, however confirm the hypothesis 
that participatory intervention designs are more relevant and sustainable, as 
demonstrated by the MAP case study.  
 
4.1 Introduction 
Understanding the design of an intervention is important in the analysis and 
interpretation of the effects of the intervention. This chapter is committed to the 
analysis of the designs of the five intervention case studies. The analysis goes beyond 
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the description of the interventions, to determine the relevance of the intervention 
strategies and the sustainability of the processes.  
The description of the interventions seeks to identify the intervention objectives, 
strategies and processes of the intervention designs and hence determine potential 
impacts important for selection of relevant indicators for field observation.  
Analysis of relevance sought to identify the extent to which intervention strategies 
addressed household food security. Analysis of sustainability on the other hand 
measured the extent to which interventions incorporated essential elements for 
sustainability of the development processes in their designs.  
The chapter is divided into five sections. The next section gives the description of the 
interventions. Section three is on analysis of relevance while four covers sustainability 
analysis and five concludes the chapter.  
 
4.2 Description of the interventions 
4.2.1 Methods and data 
The intervention designs were described based on the principle of the logical 
framework (logframe) aided by the theoretical impact model widely applied in 
intervention planning and evaluation (see Lefevré et al., 2001; Weiss, 1998; European 
Commission, 1999; Davidson, 2000).  
The data for the analysis was obtained from a preliminary survey (to this study in 
September, 2005) of the intervention projects in which information concerning the 
design was gathered from project reports and informal interviews with project 
managers. 
 
4.2.2 Results  
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The logical description consists of the following aspects: background, objectives, 
stakeholders, targeting, sponsorship and operational time frame, operational strategy 
(depicted with a theoretical impact model), inputs, outputs and causality assumption. 
Each of the five project interventions are separately described in the subsequent 
sections. 
 
Case study designs 
 
• The Makueni Agricultural Project (MAP) 
Background: Inaugurated in 2001, MAP was a continuation of the District 
Development Programme of the Ministry of Agriculture.  This pilot part of the project 
was located at the central area of the district which is of moderate agricultural 
potential.  
Objective: It was implemented within the policy framework of poverty alleviation 
among rural households, with the aim of correcting the negative effects of the 
Structural Adjustment Programmes. 
Stakeholders: Technical personnel from various public service departments: 
Agricultural extension, Nutrition, Water and Public health; the community who 
participated in the financing, and provision of other inputs (land, labour, skills); and 
the Danida who provided the bulk of the finances and technical expertise.  
Targeting: MAP targeted the community in general. Participation was voluntary but 
encouraged membership in local groups and cost-sharing in 25 % of the development 
activities. 
Sponsorship and time frame: MAP was purely sponsored by the Danish Technical 
Cooperation (Danida) for a period of three years.  
Operational strategy: MAP embraced participatory approach aiming for community 
empowerment through training of individuals and groups on integrated development 
strategies. 
Inputs: financial support and technical skills. About three-quarters of the costs of 
intervention activities came from the project, and the rest from the participants. 
Outputs: Mobilisation, grouping and training for action; field visits and community 
projects activities focused on water access (drilling of boreholes, earth dams, shallow 
wells, rock catchments), crop production (soil conservation, early planting, food 
storage, cash crops), and livestock production (dairy and beef stock improvement, 
training of Para-veterinarians, pasture improvement, apiculture) with inclination 
toward integration into the local markets; and, improvement of small earth roads to 
link farms to local markets. 
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Causality assumptions: The hypothetical linkages of the intervention outputs to food 
security outcomes are indicted in figure 4-1.  
The use of participatory approaches based on local groups was assumed to enhance 
sustainability of the development processes. The groups could pool resources and 
achieve what individuals could not.  
Technical training on diversification into food and cash-crops (mangoes, bananas and 
citrus) was based on the following assumptions. Firstly, impact on environmental 
conservation as the fruit trees would reduce wind erosion; secondly, they would 
provide better crop diversity and spread production risks because they are perennials 
and hence well suited to the moisture stress typical of this district. Thirdly, in addition 
to improving the diet of the farmers, fruit cultivation is relevant in diversifying and 
improving household income. Not only are their market prices much better than for 
the grains, but the harvesting often coincides with the dry season thus stabilising farm 
income and reducing competition for labour. The extra income was assumed critical 
in the dry months, for food purchases to supplement shortfalls in domestic supply. 
Nutrition and sanitary education was assumed to motivate food production and 
purchases, which would lead to improved food security.  
Training of the groups on marketing was assumed to lead to better market access 
through stronger bargaining power. This could lead to better prices for the farm 
produce, thereby improving incomes. Improved incomes could translate to better 
wellbeing (improved diets, education).  
Finally, the development of small roads could link the farms to the markets and so 
enhance market accessibility for trade.  
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Figure 4-1 Operational strategy and food security objective linkages of MAP 
  
• International Crop Research Institute for Semi-Arid Tropics’ Project  
(ICRISATP)  
Background: The ICRISATP was inaugurated by the International Crop Research 
Institute for Semi-Arid Tropics (ICRISAT) in 2001. 
Produce 
marketing 
organization 
Water harvesting 
Improved 
food access  
Improved 
food 
availability  
Nutrition and  
health education 
improvement of 
minor roads  
Improved water 
supply 
Improved 
knowledge & 
practices
Improved 
market access 
Improved farm 
incomes from 
trade
Veterinary 
services 
Aanimal 
diseases control 
 Cash-cropping- 
fruit trees 
 
Chapter 4 
Objective: The general objective of the ICRISATP was improvement in food 
production through adoption of drought resistant millet and pigeon peas crop 
technologies. 
Stakeholders: ICRISATP works in collaboration with the Kenya Agricultural 
Research Institute which provides local research stations. Other stakeholders are 
farmers who provide land and some labour. 
Targeting: Any households willing to participate in the development of the 
technologies on their farms is eligible for participation. 
Sponsorship and time frame: The on-going programme has been in operation since 
2001 and receives financial support from various financial organisations including the 
FAO.  
Operational strategy: ICRISATP’s approach incorporates participatory elements 
within a conventional design to develop and transfer dryland crop technology to 
farmers, as well as integrate farmers to local markets. The breeding trials are 
undertaken on farmers’ fields with involvement of farmers.  
Inputs: Technical skills, seeds and fertilizers provided by ICRISAT and research 
facilities by KARI.  
 Outputs: The ICRISATP has been focusing on the development of drought resistant 
pigeon pea and sorghum seed varieties. To increase chances of adoption of the 
developed technologies, the ICRISATP organizes the participating farmers into 
marketing groups so that they can collectively sell the produce.  
To enhance sustainability (ensure that farmers do not run out of seeds), the ICRISATP 
promotes seed cultivation, banking and selling through the marketing groups. 
Causality assumptions: The causality assumptions of the ICRISATP are shown in 
figure 4-2.  
The choice for millet and pigeon peas was based on the assumption that the varieties 
which are harvested in the dry season, would serve as bridge crops, providing food in 
an otherwise period of food scarcity. The strategy to develop technologies on farmers’ 
own-fields was based on the assumptions that it practice would enhance farmers’ 
knowledge of the technologies, positive perception of the technologies and hence the 
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adoption rate. Provision of initial seeds and fertilizers was assumed to motivate the 
farmers to participate in the intervention while organization of participants into seed 
production and marketing groups would ensure sustained application of the 
technology as farmers would still have access to the seeds even after the project had 
phased out.   
 
Outputs    Intermediate impacts    Global impacts 
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Figure 4-2 Operational strategy and food security objective linkages of ICRISATP 
 
• The Community Based Nutrition Intervention Project (CBNP) 
Background: The CBNP was located at Kisau division, at the northern part of the 
district. The intervention programme was created in 1997 from Family Life Training 
Programme (of 1974), an initiative of the Ministry of Culture and Social Services, for 
nutritional rehabilitation of orphaned children.  
Objective: The programme was aimed at poverty alleviation by supporting the 
reduction and prevention of malnutrition of children. 
Stakeholders: Diverse public service departments (agricultural extension, district 
development office, soil and water, etc.) who provide technical staff, Danida and the 
target community. 
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Targeting: It targeted households selected on criteria of poverty status. 
Sponsorship and operational frame: It was sponsored by Danida in partnership with 
the Kenyan Government, with an operational period of three years, phasing out in 
2001.  
Operational strategy: Modernisation of small farm agriculture and provision of basic 
needs. Participatory needs assessment. 
Inputs: The inputs were finances and technical skills.   
Outputs:  The intervention operated at both institutional and community levels. 
Outputs at the institutional level were training of extension agents to enhance their 
skills; and financing of their mobility. At the community level, the programme 
engaged in training the community on nutrition, public health, and better farming 
methods, and on soil and water conservation. In addition, the very poor households 
were provided with seeds, oxen and ploughs to facilitate crop production; and 
material for construction of shelter as well as school bursaries for the children. Other 
outputs included improvement of the road infrastructure to gain access to local 
markets. 
The strategy of enhancing the technical skills of extension staff and their mobility was 
based on the assumption that it would empower them to mobilise and train the wider 
community. The next assumption was that building the capacity of poor households 
through skills and supply of farm inputs would lead to improved and diversified food 
production. This would eventually lead to improved food availability and possibly 
consumption. Provision of shelter would enhance the self-esteem and determination 
for self-actualisation while school bursaries would ensure that the children gains skills 
needed for long-term escape from poverty. 
Causality assumptions: Figure 4-3 depicts the hypothetical causality linkages between 
the strategy measures of the CBNP and food security outcomes.  
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Figure 4-3 Operational strategy and food security objective linkages of the CBNP 
 
• The Kenya Rural Enterprise Programme - Bank (K-REP)  
Background: In Makueni, K-REP took root in the arid zone of Kathonzweni. It was 
started in 2001 under the framework of Poverty Reduction Strategy Paper (GoK, 
2001) by the initiative of the Kenya Rural Enterprise Bank.  
Objectives: The aim of the programme is poverty alleviation by promotion rural 
entrepreneurship (farm and non-farm).  
Stakeholders: The K-REP Bank providing finance and management, community as 
shareholders and beneficiaries and Danida as main initial financier. 
Targeting: Targeted individuals and local savings groups. 
Sponsorship and framework: Sponsored by Danida and the K-REP Bank. 
Operational strategy: Mixed conventional and participatory- building the capacity of 
local savings groups to pool resources and create village banks. 
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Inputs: Technical skills including supervision of the village banks; financial support 
Outputs: Community mobilization into savings and credit groups to create village 
banks providing credit and savings services.  The K-REP Bank also provided training 
of individuals and groups (particularly Small Micro Enterprises (SMEs) on group 
management dynamics and financial management.  
Causality assumptions: The assumptions of K-REP as depicted in figure 4-4 were, 
that technical and financial support (credit) to Small and Micro Enterprises (SMEs) 
would to lead to improvement in their management and profitability. This could 
translate into improved incomes, savings, financial stability and expansion.  Expanded 
businesses would then provide employment to some people hence providing incomes 
which would be used for food purchases. The strengthening and training of credit and 
savings groups was assumed to improve savings in order to build and sustain the 
village banks. The savings and loans could also be used to purchase food and stabilize 
access in lean months thus enhancing food security.  
 
 Outputs  Intermediate impacts  Global impacts 
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Figure 4-4 Operational strategy and food security objective linkages of the K-REP 
• The Kibwezi Irrigation Project (Irrigation) 
Background: The irrigation project was an initiative of the Israeli technical assistance. 
Operating from 1990 through to 1995, the project aimed to establish a centre of 
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excellence in dryland farming.  Before then, there were clusters and individual 
irrigation farms along Kibwezi, Kiboko, Athi, and Makindu rivers. Some clusters later 
joined to form a marketing society. 
Objectives: The objectives of the Irrigation project were to raise food production and 
living standards of the local community.  
Stakeholders: The Israeli technical assistance who initiated and funded the project, the 
Nairobi University which provided personnel and took over the management of the 
project from the Israelis in 1995, and the community. After the services of the Israeli 
technical cooperation phased out, other organisations have been instrumental in 
extending services to farmers. These include Vegecare, a private contracting 
company; IFARD (Integrated Fund for Agriculture and Rural Development); the 
Nairobi University which manages the demonstration farm; and, the Ministries of 
Agriculture and Cooperative development.   
Targeting: The Irrigation project targeted the whole community who were interested 
in dryland irrigation farming. 
Sponsorship and frame: The project was in part sponsored by the Israeli technical 
assistance department for international development and the Nairobi University. 
Operational strategy: The intervention assumed conventional approach of 
modernizing small-scale agriculture through technology development and transfer. 
Inputs: Finance, machinery and equipment, and irrigation technology from the 
Israelis, other technical skills from diverse sources, and land from the University. 
Outputs: The initial output of the Israelis included finance, equipment (drip irrigation 
equipments, generators, vehicles, etc.), and technical expertise to establish and run the 
irrigation demonstration farm. This was followed by community sensitization and 
training on drip irrigated horticultural farming. Outputs from other stakeholder 
included provision of technical advice, farm inputs (credit, seeds and chemicals), and 
marketing. IFAD provide finances through the Ministry of Agriculture’s extension 
services which assist in extension and maintenance of the water canals.  The 
department of the cooperative development trains on cooperative management and 
group dynamics.  
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Causality assumptions: The causality assumptions are shown in figure 4-5. The 
establishment of the irrigation demonstration farm by the Israelis was to counter the 
effects of drought on food production.  
It was based on the assumption that existing farms and other community along 
irrigable rivers in Kibwezi and other drylands would learn from observation and 
training. Even though all kinds of crops could be grown, emphasis was placed on 
vegetables and fruits as they were of high market value. It was assumed that the learnt 
skills would be transferred back to own farms, hence improving farm productivity and 
incomes. The collaboration with Nairobi University was assumed to lead to 
sustainability of the training process; as the university took over management when 
the project wound up.  
Later, formation of a producers’ cooperative was assumed to enhance market access 
of the growers and in the management of the irrigation water. Collective bargaining 
power could lead to better prices. The group could also pool resources together and 
obtain transport for their produce to far but better markets, Mombasa and Nairobi 
cities for example. The better prices received would lead to better incomes and 
possibly to food access from purchases. Good management of the irrigation water and 
facilities would ensure sustained production and livelihoods. Provision of technical 
skills on drip irrigation was assumed to lead to efficient irrigated farming while crop 
management was assumed to improve the international marketability of the produce, 
leading to better incomes.  
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Figure 4-5 Operational strategy and food security objective linkages of the Irrigation project 
 
4.2.3 Discussions and conclusions 
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efforts towards diversification of farm production to high-market value, non-
traditional cash crops (horticulture). Consideration for the access aspect of food 
security, which is linked to improvement in non-farm incomes, was found only in the 
K-REP intervention.  
Collectively, the intervention strategies applied within the five interventions were, 
quality seeds (improve varieties from the Kenya seed company or preserved from own 
farm), draught power (the complete set of oxygen and plough), credit and savings 
(can save and obtain loans), nutrition and public health education (adequately 
informed about nutritional diet, food preparation and the connection to health), minor 
roads (whether minor roads were passable in the rainy season), cash-cropping (ability 
to grow cash-crop), veterinary services (availability of cattle dips and a veterinary 
doctor), irrigation (ability to irrigate the farm, access to water, technology and 
equipment), market organization (ability to sell produce at reasonable prices), 
technology transfer (informed on latest agricultural technologies from the research 
institutes), domestic water-supply (close availability of water for domestic and 
livestock purposes in the dry season) and development of Small and Medium 
Enterprises (SMEs) (ability to own a business outside the farm, such as a retail shop).  
The strategies mainly relate to food production and may impact on household food 
availability, and the relevant indicators for assessment are crop yields, farm incomes 
and food consumption. 
The descriptions also indicated that the proposed institutions linkages were 
moderately present. The MAP and CBNP interventions sought to strengthen the 
capacity of local group and individuals through participatory needs assessment and 
trainings, using staff from public institutions. The ICRISATP applied farming 
systems approach to development of technologies. The K-REP focused on 
strengthening local savings groups, savings and credit and revolving funds groups 
through linkage into the village bank. Through the village bank, the participants were 
linked into the mainstream financial system. The intervention design was basically 
conventional. The Irrigation on the other hand focused on individual farmers but 
aggregated on the common factor of commercial horticultural production. Although 
the design of the intervention was basically conventional, the nature of the project 
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encouraged formation of the proposed institutional linkages through the initiative of 
farmers and private companies.  
The proposed regulatory and coordinative role of the government was operationally 
weak. This is because it was limited to registration and licensing of intervention 
operations; and no direction, advice or coordination. Nonetheless, interested 
interventions could seek collaboration and participation of the technical departments 
of the various government Ministries. The exploratory findings are summarised in 
table 4-1; and led to the conclusion that the proposed integrated double objective and 
the three-level linkages for sustainable food security were moderately present. The 
implication of the finding was that the conclusion with regard to the stated research 
hypothesis would be based on the food security outcome of the interventions. A 
positive impact would imply that the double objective is not a requirement for 
attaining household food security. The hypothesis would be rejected and the identified 
conditions described.  
 
Table 4-1 Presence of institutional linkages and critical for food security objectives in 
the interventions’ designs 
 Processes/linkages Strategies objectives 
Public service  
institutions 
Private market institutions Farm productivity Non-farm income 
 generation 
MAP P NP P NP 
ICRISATP NP NP P NP 
CBNP P NP P NP 
K-REP NP NP NP P 
Irrigation  P P P NP 
Note: P, NP respectively denotes that the linkage was present and not present in the intervention 
design, respectively. 
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Further, the study sought to analyse the interventions to identify whether the 
intervention strategies were relevant and if the processes were sustainable. The 
methods and findings are discussed in the next section. 
 
4.3 Assessment of the relevance of the interventions 
4.3.1 Methods and data 
The Stochastic Dominance (SD) analysis technique described in Urcola and 
Lowensberg-DeBoer, (2006) was used to obtain the most relevant intervention. It uses 
non-parametric principles to rank alternatives based on distribution of a parameter 
such as intervention outcomes. The ranking method allocates scores to different 
alternatives subject to the utility perceived by an individual. The alternative with the 
highest score is considered the most relevant.  
The SD uses two rules based on human behaviour. The first rule is based on the 
observation that humans prefer more to less (Chavas and Holt, 1996). It is translated 
into statistical terms by the first degree stochastic dominance rule (FDSD). The FDSD 
states that if the cumulative probability of the outcome of an alternative is larger than 
the cumulative probability of another alternative for all levels of outcome, then the 
alternative with smaller probabilities dominates the alternative with larger 
probabilities (Chavas and Holt, 1996). Graphically, it means that if one cumulative 
distribution is to the left of another cumulative distribution for all levels of outcome, 
then the alternative with the cumulative distribution to the left is dominated by the one 
to the right (Urcola and Lowensberg-De Boer, 2006). The alternative whose 
distribution is to the right will be preferred by both risk neutral and risk-averse 
decision makers. The second rule is based on the fact that, in addition to preferring 
more to less, most individuals are risk averse. In statistical terms, the area under the 
cumulative distribution curve indicates the tendency of an alternative to produce low 
value outcomes (Chavas and Holt, 1996). The alternative with the greatest area under 
its curve at any given level of outcome has the highest probability of producing low 
value outcomes. Therefore, an alternative is said to dominate according to the second 
degree stochastic dominance (SDSD) if the area under its cumulative distribution 
probability is smaller at every outcome level of outcome, than that of the other 
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alternative. The SDSD is used when the cumulative distributions of two alternatives 
cross each other and the first degree stochastic dominance (FDSD) rule cannot rank 
them (Urcola and Lowensberg-De Boer, 2006). 
The main advantage of SD technique which motivated its selection for application in 
this research is its capacity to incorporate farmers’ risk-averse behaviour in decision-
making. This is an important characteristic in the drylands where farmers are 
vulnerable to food production failure. Another advantage of the SD is the lack of 
strong assumptions about the form of the utility function of the decision maker or 
about the underlying distribution of the results. The disadvantage is that individuals 
choose the weight to attach on an alternative which may change depending on the 
utility parameter. For example, if the utility is crop yields of an animal breed, one 
alternative will be preferred over another. But if the utility is quality of produce, then 
yet another breed will be preferred. 
Despite this weakness, the SD technique has been successfully used before in farm 
(e.g. Hien et al., 1997; Urcola and Lowensberg-DeBoer, 2006) and social research 
(e.g. Hallman and Lowensberg-DeBoer, 1999). In this study the technique was 
applied as in Urcola and Lowensberg- DeBoer (2006) to identify the most relevant 
intervention based on the set of adopted food security strategies. 
The analysis was contacted in two stages. The first stage involved ranking of the 
intervention strategies, considered as alternative choices for achieving food security at 
household levels. The second determined the most relevant intervention, considered 
as alternative choices for development managers. 
 
Relevance ranking of intervention strategies 
The alternative intervention strategies considered for the analysis are those obtained 
in section 4-2 namely, technology transfer, water harvesting, cash-cropping, 
veterinary services, improvement of minor roads, quality seeds, development of 
SMEs, draught power, credit and savings, market organization, irrigation and nutrition 
and health education.  
To determine the relevance of the strategies, contingency scoring technique was used 
(see Bojo and Reddy, 2002). The technique is disadvantageous in that it is subjective. 
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To reduce the subjectivity, the scoring was done by a group of 40 in Makueni district. 
The farmers were randomly selected during a small survey to collect supplementary 
data for the analysis of relevance. Each farmer was presented with a brief 
questionnaire asking him to score each strategy based on his perception of its 
relevance to the food security problems of the area. The scoring was based on a scale 
of 0-3 (3 = high; 2= moderate; 1 = low and 0 = not relevant) (See Bojo and Reddy, 
2002). The scores for each strategy, for each category (high, medium, low or Not 
relevant) were then summed up. For example, for the strategy ‘water harvesting”, 28 
farmers scored it “High”, 6 scored it “Moderate”, 6 “Low” and the remaining, 0 “Not 
Relevant”.  
Next, an aggregate score for each strategy was computed by multiplying each score 
with the frequency of occurrence and summing up. In the preceding example, the 
aggregate score for the strategy ‘water harvesting’ was 102, (28*3 + 6*2 +6*1 + 0*0). 
The intervention strategies were then ranked based on the “High-score” and the 
“aggregate score”. In the “High-score” ranking, only the opinion of those who voted 
the strategy high is considered. In the “aggregate score”, the opinion of everybody 
matters.  The first five strategies in either ranking case were considered the most 
relevant to food security constraints of the district.  
The aggregate scores were used to determine the most relevant intervention, as 
explained in the next section. 
 
Relevance ranking of the interventions 
The interventions were categorically ranked based on the distribution of the 
intervention strategies. This was achieved according to the procedure by Urcola and 
Lowensberg-DeBoer (2006). Firstly, the distribution of strategies within an 
intervention was listed. Next, the probability of each strategy within an intervention 
was computed based on the assumption that, each strategy had an equal chance, that 
is, 1/N (Urcola and Lowensberg-DeBoer, 2006), where N was in this case the sum of 
all the aggregate scores within an intervention. Then, the cumulative probabilities of 
the distribution of the strategies within each intervention were constructed. Graphical 
plots were then made based on the probability and cumulative distribution values. 
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Since the probability distributions were based on the relevant scores of the 
intervention strategies, an intervention which adopted highly relevant strategies (least 
risky) would most likely be the most relevant, indicating appropriate choice for risk-
neutral and risk-averse households. Under the rainfall uncertainty of the drylands, the 
utility maximizing decision of the farmer is assumed to be minimization of the food 
entitlement risk arising from drought. Relevant interventions represent a set of the 
least risky intervention strategies. 
 
4.3.2 Results, discussions and conclusions 
Relevance ranking of the intervention strategies 
Table 4-2 shows the relevance ranking of the intervention strategies based on both 
“High- score” and “Aggregate- score”. The rankings show that there is no variation 
between the “High-score” and the “aggregate score”. In either case, the first five most 
relevant intervention strategies for food security were (aggregate score > 96), in order 
of importance water supply, development of SMEs, Irrigation, market organization 
and technology transfer.  
Contrary to expectation, the irrigation strategy did not appear as the most important 
strategy for food security in the dryland area. This could be due to the scarcity of 
water for irrigation. 
Most of the sampled households were far placed from irrigable areas, where natural 
sources of water are scarce.  The first five strategies were scored by the majority 
(above 50 percent) of the respondents as “Highly” relevant to their food security 
constraints, and were categorized as “highly” (H) relevant. The rest of the intervention 
strategies were categorized as “moderately” (M) relevant (aggregate score 91-95 and 
“lowly”(L) relevant (aggregate score > 91). For example, the strategy, ‘quality seeds’ 
was scored “Highly” relevant by 45 percent (n= 18) of the respondents and had an 
aggregate score of 86; and it was considered of low relevance.  
There was no specific intervention strategy that was considered “not relevant” (NR), 
because there were very few responses to this effect. This observation shows that the 
intervention strategies were collectively relevant to the food security constraints of the 
area.  
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Most of the sampled households were far placed from irrigable areas, where natural 
sources of water are scarce.  The first five strategies were scored by the majority 
(above 50 percent) of the respondents as “Highly” relevant to their food security 
constraints, and were categorized as “highly” (H) relevant. The rest of the intervention 
strategies were categorized as “moderately” (M) relevant (aggregate score 91-95 and 
“lowly”(L) relevant (aggregate score > 91). For example, the strategy, ‘quality seeds’ 
was scored “Highly” relevant by 45 percent (n= 18) of the respondents and had an 
aggregate score of 86; and it was considered of low relevance.  
 
Table 4-2 Relevance ranking of intervention strategies based on “High score” and 
“Aggregate score” 
 
Intervention 
strategies 
 
 
H 
 
M 
 
L 
 
NR 
 
 
Aggregate 
score  
Ranking 
based on  
High-score 
Ranking 
based on 
aggregate 
score 
Categorical 
ranking 
Quality seeds 
Draught power 
Credit & savings 
Nutrition & health 
education 
Minor-roads 
Cash-cropping 
Veterinary services 
Irrigation 
Market organization 
Technology transfer 
Water supply 
Development of 
SMEs 
18 
18 
17 
16 
 
20 
22 
20 
24 
24 
22 
28 
26 
 
14 
15 
16 
18 
 
12 
12 
16 
11 
11 
15 
6 
12 
 
4 
4 
6 
6 
 
6 
4 
3 
4 
5 
3 
6 
2 
 
4 
3 
1 
9 
 
2 
2 
1 
1 
0 
0 
0 
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86 
86 
89 
90 
 
90 
94 
95 
98 
99 
99 
102 
104 
 
9 
9 
11 
12 
 
7 
5 
7 
3 
3 
5 
1 
2 
11 
11 
10 
8 
 
8 
7 
6 
5 
3 
3 
2 
1 
L 
L 
L 
L 
 
L 
M 
M 
H 
H 
H 
H 
H 
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Note: In the first column, H = number times strategy ranked highly relevant; M = number times 
strategy ranked moderately relevant; L = number times strategy ranked lowly relevant and NR = 
number times strategy ranked not relevant. In the last column, L = lowly relevant strategy; M = 
moderately relevant strategy and H = highly relevant strategy. 
 
There was no specific intervention strategy that was considered “not relevant” (NR), 
because there were very few responses to this effect. This observation shows that the 
intervention strategies were collectively relevant to the food security constraints of the 
area.  
Since the strategies were based on intervention objectives derived from research and 
policy documents (see for example, GoK, 2001; Nyariki et al., 2002; Tiffens, 2002), it 
was concluded that secondary information from such documents provide reliable 
reference for developing intervention objectives. However, the results caution on the 
need for involvement of the target community to prioritize such externally derived 
strategies. For example, while most of the interventions were focused on technology 
transfer (rank number 5), the most important strategy to households was suggestively 
water supply. Ironically, this strategy had only received attention from the MAP.  
Relevance ranking of the interventions  
Table 4-3 is a summary of the distribution of the strategies for each of the 
intervention; indicating the aggregate relevance score associated with each strategy. 
The aggregate scores were used to compute the probability distribution within each 
relevance category for each intervention, as just explained. 
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Table 4-3Distribution of intervention strategies (aggregate scores indicated) among 
the intervention case studies 
 
Intervention strategies 
Aggregate 
relevance 
 score 
MAP ICRISATP CBNP K-REP Irrigation 
Quality seeds 86  86 86 86 86 86 
Draught power  86 0 0 86 86 0 
Credit and savings 89 0 0 0 89 89 
Nutrition and health 
 education 
90 90 0 90 0 90 
Minor roads improvement 90 90 0 90 0 0 
Cash-cropping 94 94 94 0 0 94 
Veterinary services 95 95 0 0 0 0 
Irrigation  98 0 0 0 0 98 
Technology  99 99 99 99 0 99 
Market organization 99 99 99 0 0 99 
Water harvesting  102 102 0 102 0 0 
Development SMEs 104 104 0 0 104 0 
Total number strategies 
Associated aggregate score 
12 
1132 
9 
859 
4 
378 
6 
553 
4 
365 
7 
655 
 
Figure 4-6 shows the graphical distribution of the intervention strategies for all the 
five intervention case studies. Since the curves were significantly separated (not 
crossing), the first degree stochastic dominance rule was used to rank the 
interventions in terms of their relevance to food security. Accordingly, the K-REP 
was the least risk of the interventions positioned on the extreme right side of the 
graph, ranked relevant. Next, the MAP intervention was said to be moderately 
relevant. In the middle was the CBNP also ranked moderate relevant and to the 
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extreme left were the Irrigation and the ICRISATP focused on the transfer of dryland 
crop technologies, and indicative of low relevance.  
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Probability of intervention- relevance 
Figure 4-6 Cumulative probability distributions of strategies for the five interventions    
Note: NR (Not relevant); L (low relevance); M (moderately relevant; H (highly relevant. Minimum 
probability score = 0 (NR) and maximum = 1 (H). 
 
The reason for K-REP’s high ranking on relevance was attributable to its use of 
strategies that promote non-agricultural income generation which are relatively less 
risky. MAP’s moderate ranking on relevance could be attributed to its integrated 
design using several strategies, which tends to evenly spread risks. The ICRISATP 
and the CBNP on the contrary had few strategies which were rated lowly significant 
to the food security constraint of the area. Surprisingly, the Irrigation intervention was 
not the most relevant intervention. This is because the intervention only adopted 
productivity-enhancing strategies that were largely of moderate relevance; and did not 
consider the general poverty context and include the non-farm income strategies. 
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The results led to the conclusion that risk-evasion is an important element in the 
dryland community. In the presence of drought-induced production risk, promotion of 
non-farm incomes is highly regarded by the community. Within the farm 
productivity-enhancing interventions, an integrated intervention design (e.g. MAP) is 
regarded highly relevant, as it tends to spread risks.  
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The results suggest that the K-REP and MAP would be the ideal interventions for the 
drylands. But this would depend on the sustainability of the designs (Pretty, 1995; 
Mulwa, 2004), analysed in the section that follow.  
 
4.4 Assessment of the sustainability of the intervention designs 
4.4.1 Methods and data 
To measure the extent of sustainability in the intervention designs, scoring techniques 
were used as applied in Bojo and Reddy (2002). The ranking was based on data 
gathered from project documents supplemented with that collected by questionnaires 
from the managers (see annex 3.1) of the various interventions. The data covered the 
criteria proposed for social sustainability namely, strong political support, multi-
sector collaboration, community participation, use of existing community institutions 
and local practices; all relating to popular participation that encourages non-
dependence on external knowledge (Bhatnagar et al., 1992; Eade and Williams, 1995; 
Mulwa, 2004). 
For analysis, the researcher gave a score of 0-3 categorized thus: 0 = not mentioned in 
the intervention plan; 2= mentioned in the plan but not incorporated during the 
implementation; and 3 = incorporated in the implementation. An average score for 
each intervention was computed and the interventions were ranked according to the 
average scores (0-1.0 = Not sustainable; 1.1-2.0 = moderately sustainable; 2.1-3.0 = 
sustainable).  
.   
4.4.2 Results, discussions and conclusions 
Results of the social sustainability of the interventions are summarized in table 4-4. In 
general, consideration for sustainability was moderate as most of the interventions had 
moderate sustainability score. Specifically, the results exhibited variation in 
considerations for sustainability within and between interventions. MAP had the 
highest considerations for sustainability (average score = 2.25). This was expected 
considering its design which was participatory with multi-sector collaboration. Such 
intervention strategies have been found sustainable in different parts of Kenya (Pretty 
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et al., 1994). However, the intervention was weak in that it had no direct financing 
from the government and participation of the private sector. 
At the bottom level were the ICRISATP and Irrigation interventions (average score = 
1.25), where the participation of the community and institutions were limited. Low 
sustainability among these interventions was attributable to the designs which were 
grounded on the conventional intervention approach. In between were the CBNP and 
the K-REP with sustainability scores above the average (1.5).  
 
Table 4-4 Sustainability ranking of the interventions case studies  
 
Sustainability indicators 
Intervention case studies 
MAP ICRISATP CBNP K-REP Irrigation 
Community level 
Opportunity for community participation 
Role of local organizations 
Conformity to local practices/knowledge 
Average 
 
2 
3 
3 
2.7 
 
2 
0 
2 
1.3 
 
 
2 
2 
0 
1.3 
 
2 
3 
3 
2.7 
 
2 
0 
0 
0.7 
Institutional level 
Link to policy 
Direct government involvement 
Participation of public institutions 
Role of private institutions 
Multidisciplinary approach 
Average  
 
3 
0 
3 
0 
3 
1.8 
 
3 
0 
3 
0 
0 
1.2 
 
3 
3 
3 
0 
3 
2.4 
 
3 
0 
0 
3 
0 
1.2 
 
3 
0 
3 
3 
0 
1.8 
Total average  
Remark 
2.25 
S 
1.25 
MS 
1.85 
MS 
1.95 
MS 
1.25 
MS 
Note: S= sustainable; MS = moderately sustainable 
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Conclusively, the use of participation tools, however weak enhances the sustainability 
of an intervention. The overall low level of sustainability could have negative 
implications for effectiveness. Ex-participants in the lowly sustainable interventions 
may not have the capacity to forge linkages with relevant institutions and acquire 
adequate access to the appropriate resources.  
 
4.5 Summary and conclusions 
This chapter has described the context and analysed the relevance and sustainability 
of the designs of the five food security intervention cases studies. Objectively, the 
chapter sought to determine the extent to which the interventions integrated the 
hypothesized double objective of raising farm productivity and non-farm incomes; the 
extent to which the interventions applied the proposed participatory 3-level linkages; 
the extent the interventions were relevant and sustainable and the implications on 
potential impacts.  
Table 4-5 contains the summary of the designs of the interventions, the relevance and 
the sustainability. There was a gap in integration of farm productivity and non-farm 
intervention objectives in the designs. But the importance of the two objectives in the 
district was recognized, reflected by exclusive intervention in either the farm 
productivity or the non-farm income aspects of food security. Nonetheless, there was 
more inclination on the farm productivity aspect. But although farm productivity was 
ranked relevant for food security, households showed preference for less risky 
strategies such as development of SMEs; with K-REP, which focused on the strategy, 
ranking the most relevant intervention.  
Similarly, there were gaps in the use of the proposed participatory intervention 
processes. Specifically, the proposed state regulatory and coordinating framework 
was weak, and the institutional linkages existed in the form of technical collaboration 
with government departments. The collaboration contributed towards the 
sustainability of the collaborating interventions such as the MAP.  
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Table 4-5 Summary of the analysis of the intervention designs 
Intervention Intervention 
design 
Intervention  strategy Relevance 
rating  
Sustainability 
rating 
Potential 
impact 
MAP 
 
Mixed  
 
Integrated farm production 
and income diversification  
 
Moderately 
relevant 
Sustainable Yields, 
nonfarm 
incomes 
ICRISATP 
 
Conventional
-farming 
systems  
Dryland crop 
 technology development & 
  transfer 
Lowly 
relevant  
Moderately 
sustainable 
Possibly 
yields 
CBNP Mixed   crop  production & 
 nutritional practices 
 
Moderately  
relevant 
Moderately 
sustainable 
Yields, 
consumpti
on 
K-REP Mixed  Improvement in savings & 
credit 
Relevant Moderately 
sustainable 
Nonfarm 
incomes 
Irrigation  Conventional  Irrigation technology 
transfer  
Lowly 
relevant 
Moderately 
sustainable 
Possibly 
yields, 
farm 
incomes 
 
The fact that the K-REP was ranked the most relevant due to its strategy for 
development of SMEs, indicate the risk-averse nature of households and the perceived 
inadequacy of prevailing agricultural technologies to address the risks associated with 
drought. This was also confirmed by the ranking of the MAP intervention as 
moderately relevant, second to the non-farm enhancing K-REP. The use of integrated 
strategies found in MAP which promoted extensive farming reflects the need by 
dryland farmers to adopt diverse coping strategies and spread risk.  
Owing to the combined attributes of “moderately relevant” and “sustainable”, the 
MAP intervention was expected to demonstrate effectiveness in access to production 
resources, and eventually to improved food security through enhanced farm 
productivity Significant impacts on household food access could also materialise from 
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participation in the K-REP, due to its attributes of “relevant” and “moderately 
sustainable”. The outcome from the participation in the other interventions is difficult 
to predict, considering the low relevance and sustainability. ICRISATP and the CBNP 
could be expected to demonstrate moderate to low impacts on household food 
availability, from improved yields. Finally, participation in the Irrigation could result 
in improvements in farm productivity, food availability and access, due to its 
orientation on market agriculture which was ranked “highly relevant”.  
The actual effect of the designs on the access to resource access is covered in the next 
chapter.  
 5 Intervention designs for adequate access to resources  
“Technology does not take root when it is cut off from culture and tradition. The 
transfer of technology requires sophistication: adaptation to region, to unique 
situations and custom” (Kurokawa, 1991). 
 
Abstract 
The objective of this chapter is to identify intervention designs which were effective 
in enhancing access to resources by the participants. Descriptive statistics and a two-
stage instruments regression model were used. The results showed that the Irrigation, 
the MAP and K-REP interventions were significantly effective in enhancing the 
resource access capacity of the participants. The observation led to the conclusion that 
the relevance and sustainability of intervention designs are important for adequate 
access to resources; but equally important are the types of resources in dissemination. 
Emerging complementary resources were irrigation - market organization- (input, 
credit, output)- training.  
 
5.1 Introduction 
This chapter identifies the intervention designs which were effective in enhancing the 
capacity of the participants to gain access to resources; and the kind of resources 
accessed. This would explain the kinds of livelihood strategies adopted and potential 
food security outcomes. The analysis tested the sub-hypothesis that the intervention 
designs which were found relevant and sustainable, such as the MAP (chapter 4) 
would significantly be effective in resource dissemination (H5a and H5b). 
Effectiveness in this context referred to the extent to which an intervention 
contributed to adequate access of resources by the participants. The term resource was 
used to encompass the outputs of interventions which contribute towards 
improvement of household food security (identified in chapter 4). The analysis also 
identified complementary resources and emerging gaps.  
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The chapter is organized into four sections. The next and second section is on 
methodology and data sources while section three covers results and four is on 
discussion and conclusions. 
 
5.2 Methods and data 
For narrowly targeted interventions such as is represented by the study cases in this 
research, Heckman et al., (1997) argue that studying the impact on the sub-population 
of treated units is often of more importance than the overall population. In this case, 
the focus is on identifying the average of the treatment effect in the treated sample. 
The average treatment effect is the difference in outcome “with” and “without” 
intervention (treatment) (Heckman et al., 1997; Ravallion, 2001). Since the same 
group cannot provide data for the two conditions, a control group is constructed to 
simulate the condition without the intervention (Ravallion, 2001; Imbens, 2004). The 
methods for estimating impact depends on the way the control group is constructed, 
and include matching methods and regressions (statistical) (Ezemenari et al, 1999) 
The statistical method is selected in this analysis due to its capacity to control for 
selection bias under endogeneity (Ravallion, 2001, Imbens, 2004). To identify the 
effectiveness of interventions on access to resource by the participants, a group 
comparison approach was used in which access to the various resources was 
compared between each intervention (treatment) group and the non-participant 
(control) group.  
Resource access can either be analysed as a ‘package’ of complementary resources 
(e.g. Nzomoi et al., 2007) or singly (e.g. Wollni and Zeller, 2007). The second 
approach was applied in this study because of the advantage of being more 
informative in the sense that the factors affecting the access of each resource are 
identifiable, and not masked in a ‘package’. 
The analytical procedure applied for the study comprised three steps. Firstly, post-
intervention mean resources’ access rates of participants were computed and 
compared with those of the control group. Secondly, a mean effectiveness index was 
computed for each intervention group to determine the level of effectiveness. Thirdly, 
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a regression analysis was run to identify the determinants of resource access 
Ravallion, 2001, Imbens, 2004).  
To facilitate explanation of the results, the problems encountered during participation 
were summarized with descriptive statistics. 
 
• Comparison of mean resources’ access rates 
The mean access rate of each resource for each intervention group was computed as 
the proportion (percent) of respondents in an intervention group (and in the control) 
that reported having had adequate access to the specific resource. Then, the difference 
in the mean access rates of each intervention and the control were tested using the 
Chi-square statistic recommended in Gupta (1999) and widely used in social research 
(Ouma et al., 2002; Barao, 1992; Boughton & Frahan, 1994; Boz et al., 2005). 
Positive, significant values were suggestive of effectiveness of the interventions, but 
considered inconclusive because they do not account for the effects of confounding 
factors. 
• Analysis of the level of intervention effectiveness  
Effectiveness in social interventions usually measure the level of outputs which were 
obtained at the end of the intervention compared to what was planned (European 
Commission, 1999). In the absence of pre-intervention data, it is difficult to determine 
the effectiveness. In this study, the Effectiveness index (EI) is calculated using 
equation (5-1) (Mohr, 1995): 
           
  
 
Equation 5-1 
Mohr (1995) uses post-intervention and pre-intervention resource access rates of the 
units under study. For this study however, the problem of missing data on the pre- 
intervention rate necessitated replacement of these parameters with the access rates of 
the intervention and control groups, respectively (Ravallion, 2001). Effectiveness 
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indexes were computed for all the resources. This index does not provide information 
on how effective (weak/strong) the intervention is (Mohr, 1995); however, it informs 
on the access gap that has been met by participation in the intervention; and provides 
a standard measure for comparison of interventions facilitating judgment of 
performance. The values of the index range between 0 and1.  
The effects of intervention shown by the descriptive statistics are based on the 
assumption that the effects vary the same across the households irrespective of the 
differences in their characteristics and that the treatment and the control groups are 
statistically comparable. But because of non-random placement of interventions, the 
assumptions do not often hold and could result in selection bias (Ravallion, 2001). 
Ways to control for selection bias includes regression analysis in which other factors 
affecting the parameter whose impact is being measured are accounted for. 
(Ravallion, 2001).  
• Regression analysis 
To determine whether participation in an intervention has significant effect on 
resource access, a standard treatment effects model of the following form is applied 
(Geda et al., 2001):  
 
      Equation 5-2 
       Equation 5-3 
Ii = 1 if I*i > 0, otherwise Ii = 0,  
Where, Yi is the access outcome of a particular resource; Xi is a vector of variables 
thought to affect access to the resource; Ii is the dummy for participation in an 
intervention; and Zi is the vector for the variables influencing participation. The base 
equation (5-2) cannot be estimated directly because the decision to participate may be 
determined by factors which also affect resource access. In this case, the error terms, 
 and  in the two equations will be correlated, resulting to biased estimates on the 
participation parameter  (Ravallion, 2001). 
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To correct for the endogeneity bias, a joint normal error distribution is assumed and a 
two-step regression run (Ravallion, 2001). In the first step, the decision to participate 
in an intervention is modeled according to equation 5-3 and the residuals are saved 
used in the second -step regression as explanatory variables (Ravallion, 2001; Imbens, 
2004).  
In the case of this study, both the decisions to participate in an intervention and 
resource access were modeled as dichotomous choice problems. This is because the 
data for the analysis assumed binary values (0, 1). For the households in the 
intervention groups, participation assumed a dummy value (1) and (0) for those in the 
control group.  
In the case of resource access, the data for analysis came from the sampled household 
surveys and covered household demographic characteristics and access to resources. 
For resource access, respondents were asked to state whether they had (or not) 
adequate access to each of the various resources. Resource access by respondents was 
given a binary value of 0 (= inadequate access) and 1 (= adequate access).  
The dichotomous response model assumes that the probability of being in a particular 
category is determined by an underlying response variable. In the case of the binary 
response variable of project participation and resource access, the logit or probit 
model is used (Greene, 2000). In the case of this study, a cumulative distribution of μi 
(equation 5-4) was assumed and a logistic model was used in the two-steps (Imbens, 
2004; Bollen et al., 2007), as applied in binary response studies (e.g. Ouma et al., 
2002; Boz et al., 2005; Nzomoi et al., 2007): 
 
 
         Equation 5-4 
 
Where, β = β1, β2…βk and x´ = Xi1, Xi2 ….Xik ; and yi is unobservable latent variable 
represented by a dummy variable y defined by y = 0 if yi < 0, and y = 1 otherwise. 
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The maximum likelihood function for the logistic model leads to the following 
expressions (Geda et al., 2001), applied in this study:  
   Equation 5-5 
           
    Equation 5-6 
Where, equations 5-5 is the probability that a household participates in an intervention 
(or has adequate access to resource); and 5-6 is the probability of not participating (or 
not having adequate access to resource). Xi is the level of the ith variable expected to 
influence the decision taken. Β is the coefficients to be estimated. The variables are 
different for participation and for resource access and are separately specified. 
The logit model was selected because the data involved dichotomous qualitative 
responses and was not normally distributed (Gupta, 1999; Greene, 2000). In addition 
to correcting for endogeneity bias, the two-step regression correct for selection bias 
arising from unobserved variables (Imbens, 2004; Lee et al., 2005). In such cases 
involving two regressions, the estimated errors in the second stage regression are 
biased and need to be adjustment (Lee et al., 2005). However, Bollen et al., (1995) 
show that the gains from adjustment do not change substantially the test results. No 
adjustments were done in the present analysis.  
The specifications of variables for the two regressions are explained further. 
 
Variable specification for the model of participation in interventions 
Explanatory variables for the participation model include attributes of the intervention 
and individual characteristics of participants. The intervention attributes are expected 
to be constant among participants, controlling for socio-economic characteristics of 
households (Wollni and Zeller, 2007). Following previous studies (e.g. Pitt et al., 
1993; Zbinden and Lee, 2005; Bacon, 2005; Wollni and Zeller, 2007; Nzomoi et al., 
2007), these include the age and education level of the head of the household, 
household size, area under crop cultivation, proximity of the household to the 
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intervention and land holdings; the βs are the coefficients to be estimated. Since some 
variables affect both participation in intervention and access to resources, introducing 
them in the two logit models would cause errors (Imbens, 2004). Instrumental 
variables were used in the regression for participation (Heckman, 1997; Ravallion, 
2001; Imbens, 2004; Lee et al., 2005). The instruments selected were the distance 
(km) of participants from the intervention offices (location) and the age (years) of the 
head of the household. The location of the household was expected to negatively 
affect participation (Pitt et al., 1993). Households living close to the intervention 
offices have more access to the intervention in terms of time and information and are 
more likely to participate than those relatively far off. Age was also expected to 
negatively affect participation as relatively younger people are more responsive to 
new ideas (Nzomoi et al., 2007). 
 
Variable specification for analysis resource access by participants  
In the second step, access to a given resource was modeled as the dependent variable 
and the probabilities for participation obtained in the logit regression was added as 
explanatory variables, along with the dummy for participation. The dummy for 
participation measures the effect of participation on resource access while the 
probability for participation measures the effect of unobservable factors (Ravallion, 
2001). The dummies for participation were expected to have positive and statistically 
significant coefficients indicating effectiveness of the intervention in resource access. 
The predicted probabilities could have either effect on resource access. Positively 
significant coefficients indicate that resource access is explained by unobservable 
factors (Ravallion, 2001), such as endowments in managerial skills. Other factors 
expected to affect resource access and entered in the regression were the level of 
education of the head of the household, the size of the household and the cropped-
area. The level of education and the cropped-area were expected to positively 
influence resource access (Nzomoi et al., 2007; Ouma et al. 2002; Lee et al., 2005). 
The size of the household could have negative effect, because it is often associated 
with poverty (see for example Nyangito et al., 2004). Variability in the variable 
“gender” (female =1) was generally insignificant within the sample units (table 5-1), 
and was therefore not entered in the regression analysis (see Greene, 2000). 
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The means of the variables used in the regressions were statistically compared with 
those of the control group to identify if they were significantly different. Since the 
variables were not normally distributed, the independent t-test statistic was used 
Variables which are significantly different from the control could have deterministic 
influence on participation or resource access (Ravallion, 2001). 
To understand the processes underlying any lack of effectiveness of the interventions, 
respondents were also asked to state any problems encountered during participation 
 
5.3 Results  
5.3.1 Characteristics of respondent households 
The distribution of the variables used in the regressions, statistically compared 
between the intervention and the control groups is summarised in table 5-1.  
 
Table 5-1 Statistical comparison of the means of the explanatory variables between 
the interventions and the control groups (Mean and standard deviation in parenthesis) 
 
 
N 
MAP 
29 
ICRISATP 
25 
CBNP 
28 
K-REP 
29 
Irrigation 
23 
Control  
57 
 
Location 
(km) 
Gender 
(female=1) 
 
12.7*** 
(2.7) 
0.14 
(0.35) 
20.7*** 
(6.3) 
0.20 
(0.41) 
11.2*** 
(3.7) 
0.37* 
(0.47) 
12.0** 
(2.7) 
0.27 
(0.45) 
36.0*** 
(16.0) 
0.13 
(0.34) 
69.0 
(54.0) 
0.22 
(0.42) 
 
Age (years) 
 
53.3** 
(12.3) 
47.5 
(9.6) 
53.5** 
(15.6) 
52.1** 
(13.1) 
40.1** 
(9.3) 
43.0 
(10.2) 
 
Education 
level (years) 
Number 
unemployed 
children 
9.6*** 
(3.4) 
 0.6 
(1.1) 
7.6*** 
(3.6) 
1.0 
(1.1) 
6.0 
(4.8) 
1.4 
(1.2) 
6.9*** 
(4.1) 
1.3 
(1.4) 
7.7*** 
(2.7) 
0.4* 
(0.8) 
6.9 
(2.3) 
0.9 
(1.1) 
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Household 
size(adult 
equivalents) 
4.2* 
(1.3) 
4.6 
(1.8) 
5.7*** 
(1.7) 
5.5** 
(1.5) 
3.9 
(2.1) 
4.3 
(1.8) 
 
Cropped area 
(acres) 
 
5.4*** 
(4.4) 
 
4.1 
(2.5) 
 
3.1 
(1.4) 
 
3.6 
(1.9) 
 
2.1** 
(1.6) 
 
3.3 
(2.1) 
 
 
 
 
Note: ***, ** and * denote statistical significance at 99 and 95 percent respectively Location is the 
household distance from the intervention’s offices. 
 
The significant chi-square values for comparison of means show that the interventions 
could be differentiated from the control by several factors, proximity in particular. 
Participants were relatively closely (10-12 km) located to the administrative offices of 
the respective interventions; exception in the ICRISATP and Irrigation with 
participants as far as 36 km for the Irrigation.  
In terms of demographic characteristics, the interventions were generally similar in 
gender participation; with males constituting about 80 percent of all participants in 
any intervention. An exception though was observed in the CBNP where female 
participants were about 40 percent. The households were also of similar age group 
(40-55 years), though statistically different from the control group (40 years). 
Similarly, the households have same level of education, basic or primary (mean years 
of schooling = 7), although the MAP had a higher mean level (9.6) indicating that the 
group consisted of people who had attained secondary education. The number of adult 
unemployed children was surprisingly low in all the interventions, and not different 
from the control group. The size of the households was moderate (mean of 5 adult 
equivalents) while the area under crop cultivation was variable. The K-REP had the 
highest area (7.3 acres), MAP moderate (5.2 acres) and the Irrigation the lowest (1.8 
acres). The rest, ICRISTP and CBNP had what could be regarded as the average 
landholding in the area, 3 acres as it was similar to that of the control group.  
The observed differences in the distribution of the variables could influence the access 
to resources and eventually the related food security outcomes. The next section 
examines the effects of intervention participation on resource access. 
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5.3.2 Comparison of mean resource access rates between intervention and the 
control groups 
To measure the effect of participation on resource access, the resource access rates 
were compared with those of the control group.  
As shown in table 5-2, a household did not have to participate in an intervention to 
have access to the resources. However, the significant chi square values indicate that 
participation did influence the capacity of households to acquire resources. The results 
suggest that participation in an intervention tend improve the capacity of a household 
to gain adequate access to resources. Nevertheless, access to the resources was highly 
variable depending on the intervention participated in, and the type of resource.  
Across the interventions, the MAP participants had average resource access rates that 
were significantly higher than those of the control group for most of the resources, 
suggesting effectiveness. For example, of the 29 participants, 69 percent had access to 
improved technology, compared to 21 percent in the control. The significance of this 
difference is indicated by the chi square value (18.8), highly significant (p= 0.000). 
 Table 5-2 Statistical comparison of resources’ access rates (percent) between intervention groups and the control group 
 
 
Technology 
transfer 
Water 
 supply 
Quality 
seeds 
Cash 
cropping 
Veterinary 
services 
Nutrition 
 & health 
 
Credit  
& saving 
Irrigation 
 
Market   
organization 
Development 
of SMEs 
Draught power 
MAP (N=29) 
X2 
69 
18.8*** 
48 
10.4*** 
72 
16.8*** 
24 
2.2 
62 
15.7*** 
10 
0.25 
34 
3.1* 
10 
0.25 
79 
23.5*** 
21 
0.14 
83 
18.3*** 
ICRISATP(N=25) 
X2 
64 
14.1*** 
24 
0.72 
16 
1.10 
8 
0.55 
20 
0.26 
20 
0.01 
16 
0.24 
20 
0.59 
16 
2.1 
20 
0.24 
40 
1.1 
CBNP (N=28) 
X2 
64 
21.6*** 
14 
0.14 
25 
0.16 
36 
8.4*** 
32 
3.0* 
43 
7.1** 
14 
0.01 
14 
0.01 
21 
0.16 
18 
0.00 
36 
0.31 
K-REP (N=29) 
X2 
41 
0.11 
24 
0.88 
45 
2.4 
17 
0.01 
45 
5.3** 
17 
0.15 
69 
24.3*** 
8 
7.6*** 
17 
0.36 
83 
32.1*** 
57 
5.5** 
Irrigation(N=23) 
X2 
82 
26.1*** 
17 
0.18 
91 
27.9*** 
86 
26.2*** 
43 
4.9** 
22 
1.10 
74 
17.8*** 
83 
36.9*** 
91 
29.6*** 
39 
4.2** 
65 
6.8** 
Control (N=57) 
 
21 16 26 11 12 16 14 12 12 18 33 
 
Note: X2 = Chi-square test statistic values based on cross-tabulations; ***, **, and * denote 99, 95 and 90 percent CL, respectively.  
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 On the contrary, the ICRISATP and CBNP had adequate access rates to relatively 
limited number of resources, suggesting that the participants in these interventions 
were unable to acquire diverse resources. In particular, participation in the ICRISATP 
had no significant influence on access to quality seeds and markets as expected. 
Similarly, participation in the CBNP had no significant influence on access to draught 
power as expected. The results for the K-REP were suggestive of moderate impact, 
with its participants having access rates that were significantly higher than those of 
the control limited to only five resources.  But the Irrigation intervention exhibited 
remarkable results; with its participants having adequate access to a wide range of 
resources. For example, of the 23 households who had participated in the intervention, 
82, 91, 74, 83, 81 and 65 percent had adequate access to technology transfer, quality 
seeds, cash-cropping, credit services, irrigation, markets, and draught power, 
respectively. The access rates were statistically higher than those of the control group 
suggesting that the intervention was effective in enhancing the capacity of the 
participants to access the diverse resources. 
The access rates for the resource ‘minor roads’ were indifferent between the 
interventions and the control group and were not included in table 5-2. Conclusively, 
no intervention had impact on improvement of minor roads. 
The resource access rates observed in table 5-2 do not show the gap in resource access 
that was bridged by participation in the specific interventions. To indicate this gap, 
the mean effectiveness index was computed for each intervention group. The results 
are contained in the next section.  
 
5.3.3 Effectiveness index of the interventions 
The results for the effectiveness index (table 5-3) show the resource access gaps that 
were met by the interventions. The effectiveness index was computed as the 
difference in resource access rates of participants with and without the interventions 
(control). It indicates the difference presumably made by participation in the 
intervention. A value of 0 indicates that participation in the intervention did not make 
any difference at all while a value of 1 indicates that after the intervention, everyone 
had adequate access to the measured resource.  
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Table 5-3 Effectiveness index of the intervention groups 
 
 
MAP 
(N=29) 
ICRISATP 
(N=25) 
CBNP 
(N=28) 
K-REP 
(N=29) 
Irrigation 
(N=23) 
Technology transfer 
Water supply 
Quality Seeds 
Cash-cropping 
Veterinary services 
Nutrition and health  
Credit and savings 
Irrigation 
Market organization 
Development of SMEs 
Draught power 
 
0.61 
0.38 
0.62 
0.15 
0.57 
0.07 
0.23 
0.02 
0.76 
0.05 
0.75 
 
0.54 
0.09 
0.03 
0.03 
0.07 
0.05 
0.02 
0.09 
0.05 
0.04 
0.10 
 
0.54 
0.16 
0.01 
0.28 
0.23 
0.32 
0.00 
0.02 
0.01 
0.01 
0.08 
 
0.04 
0.11 
0.26 
0.03 
0.38 
0.01 
0.64 
0.30 
0.06 
0.79 
0.36 
 
0.78 
0.01 
0.88 
0.66 
0.35 
0.07 
0.70 
0.81 
0.90 
0.26 
0.48 
 
 
The results indicate wide gaps in access to the various resources that the interventions 
strove to enhance. The size of the gaps depends on the resource and the intervention 
group (table 5-3). But in general, technology transfer was the most accessed resource, 
indicated by the high values of the effectiveness index (above 0.5) in all the groups 
(besides K-REP) which did not get involved in agricultural services. The effectiveness 
index for quality seeds and cash-cropping were quite low in most of the interventions; 
reflecting the difficulty for interventions to affect these critical resources. In the case 
of cash-cropping for example, it can be seen that only under the Irrigation was the gap 
remarkably reduced. Even then, 34 percent of the access gap remained unmet. The 
Irrigation intervention had high levels of effectiveness indexes in most of the 
resources. 
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The observations were further elaborated in figure 5-1 which shows mean resource 
access rates and effectiveness indexes. They represent the averages within each 
intervention group.  
 
 
Pe
rc
en
t  
Figure 5-1 Mean resources access rate and effectiveness indexes for the intervention groups 
 
The figure shows that the MAP and the Irrigation interventions had relatively 
moderate mean resources’ access rates compared to the K-REP, ICRISATP, CBNP 
and the Control. It also shows that Irrigation was the most effective.  
To test whether the observed differences in resource access was significantly due to 
intervention participation or other factors, a two-stage regression with instrumental 
variables was run. The results of this analysis are discussed in the subsequent 
sections.  
 
5.3.4 Determinants of participation in the interventions 
The results for determinants of participation in the interventions are shown in table 5-
4.  
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The logistic models for participation in each intervention case study were significant 
as indicated by the statistically significant Chi square values (P<0.01). The predictive 
power of the models was also relatively high. For example, in MAP, 89.5 percent of 
the cases were correctly predicted. 
 
Table 5-4 Determinants of participation in the interventions (standard errors in 
parenthesis)  
 
N 
MAP 
86 
ICRISAT 
82 
CBNP 
85 
K-REP 
86 
Irrigation 
80 
Location (km to 
Intervention offices) 
Age (years) 
 
Constant 
 
Model summary 
Chi square 
-2 log likelihood 
R2  
Percent correctly predicted 
0 
1 
Mean 
- 0.32*** 
(0.12) 
0.10** 
(0.05) 
5.36*** 
(3.1) 
 
64.2*** 
45.6 
0.729 
 
87.7 
93.1 
89.5 
 
-0.10*** 
(0.03) 
0.04 
(0.03) 
2.02*** 
(1.5) 
 
28.3*** 
72.9 
0.421 
 
78.9 
62.0 
70.5 
 - 1.76** 
(0.06) 
0.07 
(0.05) 
-2.92*** 
(1.9) 
 
58.7*** 
53.4 
0.683 
 
81.5 
92.9 
85.4 
 - 0.18*** 
(0.06) 
0.05 
(0.04) 
2.92*** 
(0.8) 
 
49.0*** 
69.8 
0.609 
 
78.9 
93.1 
83.7 
- 0.04*** 
(0.01) 
-0.05 
(0.03) 
158*** 
(0.6) 
 
28.3*** 
67.7 
0.426 
 
84.2 
56.5 
76.3 
Note: Project participation is dichotomous (0= not participation, 1 = participated). ***, ** and * denote 
99, 95 and 90 percent CL, respectively.  
 
As expected, the location (distance of the participants to the intervention offices), of 
the households was highly influential on participation in any intervention indicated by 
significant coefficient (P < 0.05). Households located close to the administrative 
offices of the intervention projects had a higher chance of participation in the 
respective intervention. The age of the household was only deterministic in 
participation in the MAP intervention (P<0.05). The unexpected positive effect could 
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be attributed to the design of the intervention which mainly targeted local groups, 
which may be patronized by older people as a cultural practice. 
Whether this location-motivated participation influences access to resources is 
determined in the next section in which the residuals for participation were used as 
explanatory variables in logit regressions for identifying the determinants of access to 
each of the resources within each intervention. 
 
5.3.5 The effect of intervention participation on resource access 
The results of the series of logistic regressions undertaken to identify the effect of 
participation on resource access are shown in tables 5-5 to 5-9. All the models were 
significant indicated by the statistically significant Chi-square coefficients, and high 
predictive power. The results are generally consistent with the descriptive 
observations (table 5-2), and clearly show that among the variables included in the 
models, participation in an intervention is the most significant determinant of resource 
access. The effectiveness of each intervention is summarised separately in the 
subsequent paragraphs. 
• Effectiveness of the MAP intervention 
Table 5-5 shows the determinants of access to the five resources which were 
disseminated by the MAP intervention. As shown by the dummy for participation, 
participation in the MAP had positive effect on access to all the five resources-water 
supply (P<0.1), quality seeds (P<0.01), veterinary services (0.01) and market 
organization (P<0.01). Other factors with significant effect on access to the resources 
were the level of education, with negative effect on access to quality seeds (P<0.05); 
cropped area with positive effect on access to quality seeds (P< 0.1); household size 
with positive effects on water supply (P<0.1) and veterinary services (P<0.1). 
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 Table 5-5 Determinants of access to resources in the MAP (standard errors in 
parenthesis) 
N=86  Water 
harvesting 
Quality 
seeds 
Veterinary 
services 
Market 
organization 
Variables      
Education level (year)  -0.15(0.1) -0.18(0.8)** -0.05(0.1) -0.08(0.1) 
Cropped area(acres)  -0.12(0.1) 1.51(0.1)* 0.19(0.1) -0.06(0.1) 
Household-size  
(adult equivalents) 
 0.35(0.2)* 0.01(0.2) 0.37(0.2)* 0.28(0.2) 
Dummy participation 
 (0,1) 
 1.88(1.0)* 3.57(1.1)*** 3.29(1.2)*** 2.81(1.0)*** 
Probability participation  1.87(1.2) -0.69(1.3) -0.70(1.5) 0.82(1.1) 
Constant  
Model summary 
 -1.43(0.9) 2.21(1.2) -1.09(1.5) -1.25(1.4) 
Chi-square  17.8*** 24.5*** 25.5*** 27.8*** 
-2loglikelihood  82.1 92.4 84.5 89.76 
R2 (Nagelkerke)  0.273 0.333 0.355 0.370 
Correctly predicted (%) 
0 
1 
Total 
  
92.1 
34.8 
76.7 
 
86.0 
61.1 
75.6 
 
84.2 
58.6 
75.6 
 
87.8 
62.2 
76.7 
Note: ***, **, and * denote 99, 95 and 90 percent Levels of Confidence, respectively 
 
None of the variables had significant effect on the resource “draught power”, and was 
not included in the results (table 5-5).  
 
• Effectiveness of the ICRISATP intervention 
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The model for determinants of resource access under the ICRISATP was significant 
with high predictive ability (74.4 percent). The results of the regression (table 5-6) 
show that only participation had significant influence in access to technology transfer.  
 
Table 5-6 Determinants of access to resources in the ICRISATP (standard errors in 
parenthesis) 
N=82 Technology transfer   
    
Education level (years) 0.01 (0.1)   
Cropped area(acres) -0.04 (0.1)   
Household size  
(adult equivalents) 
0.067(0.2)   
Dummy participation 1.65(0.7)**   
Probability participation 0.89 (1.2)   
Constant  
Model summary 
-2.62 (1.5)*   
Chi square 14.9**   
-2loglikelihood 90.3   
R2 (Nagelkerke) 0.231   
% correctly predicted : 
0 
1 
Total 
 
83.3 
57.1  
74.4 
  
Note: ***, **, and * denote 99, 95 and 90 percent Levels of Confidence, respectively. 
 
Participation in the ICRISATP had a significant effect on knowledge on improved 
farm technologies (p<0.05). No regressions had been run for the other resources 
disseminated by the intervention because the results of descriptive analysis (table 5-2) 
were already suggestive of lack of impact. 
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• Effectiveness of the CBNP intervention 
The results for the logit model for determinants of access to resources under the 
CBNP are summarised in table 5-7. The model was valid indicated by the significant 
Chi square (P<0.05) and high predictive power, with 76.8 percent of the cases 
correctly predicted.  
 
Table 5-7 Determinants of access to resources in the CBNP (standard errors in 
parenthesis) 
N = 85 Technology transfer  
   
Education level (years) 0.09 (0.01)  
Cropped area (acres) -0.05 (0.2)  
Household size(adult  
equivalents) 
0.05(0.2)  
Dummy Participation 1.81(0.9)**  
Probability participation 0.97 (1.2)  
Constant  
Model summary 
-1.47 (1.4)  
Chi-square 22.6***  
-2loglikelihood 87.9  
R2 (Nagelkerke) 0.326  
% correctly predicted : 
0 
1 
Total 
 
85.7 
63.6  
76.8 
 
Note: ***, **, and * denote 99, 95 and 90 percent Levels of Confidence, respectively  
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Participation in the CBNP was only effective in access to technology transfer, 
indicated by the significant coefficient on the dummy participation (P<0.05).  
• Effectiveness of the K-REP intervention 
The results of the regression model for determinants of resource access within K-REP 
are summarised in table 5-8. The model had high predictive ability, with over 77 
percent of the cases correctly predicted. 
The results show that participation in the intervention had positive influence on access 
to veterinary services (P< 0.05), credit and savings (P<0.01), irrigation (P<0.1) and 
development of SMEs (P<0.01).  Participation had no significant effect on access to 
draught power, as was suggested by the descriptive analysis (table 5-2). 
Other factors had also some influence on resource access, besides participation. The 
size of the household had a positive influence on access to veterinary services 
(P<0.05). Expectedly, access to irrigation was negatively correlated with the cropped 
area as households are only able to irrigate small parcels of land, considering the 
technical difficulties of drawing water for irrigation. 
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 Table 5-8 Determinants of access to resources in the K-REP (standard errors in 
parenthesis) 
N=86 Veterinary 
services 
Credit and 
 savings 
Irrigation  Development 
of SMEs 
     
Education level (years) -0.08 (0.1) 0.16(1.0) -0.05(0.1) -0.07(0.2) 
Cropped area(acres) 
Household size  
(adult equivalents) 
0.12(0.1) 
0.37 (0.2)** 
0.06(0.2) 
-0.32(0.2) 
-0.67(0.3)** 
0.79(0.2) 
0.08(0.2) 
-0.29(0.2) 
Dummy Participation 2.06(1.0)** 2.71(0.8)*** 1.75(0.9)* 3.63(0.9)*** 
Probability 
participation 
-1.61 (1.6) -0.67(1.4) 0.57(1.6) 0.78(1.5) 
Constant  
Model summary 
-1.6 2(1.3) -2.20(1.4) 0.18(1.5) 1.46(1.4) 
Chi-square 15.1** 28.1*** 19.4*** 39.5*** 
-2loglikelihood 88.6 81.8 68.8 76.7 
R2 (Nagelkerke) 0.230 0.386 0.314 0.497 
% correctly predicted : 
0 
1 
Total 
 
93.4 
40.0  
77.9 
 
86.0 
65.5 
79.1 
 
97.1 
50.0 
87.2 
 
90.2 
68.6 
81.4 
Note: ***, **, and * denote 99, 95 and 90 percent Levels of Confidence, respectively. 
 
• Effectiveness of the Irrigation intervention 
The logit models for identifying the determinants of access to resources within the 
Irrigation intervention were significant as indicated by the proportion of the cases 
correctly predicted (see table 5-9). Of the five interventions studied in this research, 
participation in the Irrigation was the most influential with significant positive effects 
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on seven resources, namely technology transfer (P<0.01), quality seeds (P<0.01), 
cash-cropping (P<0.01), credit and savings (P<0.01), irrigation (P<0.01), market 
organization (P<0.01) and draught power (P<0.05). 
Besides participation in the irrigation, access to resources was also influenced by 
other factors. Access to quality seeds was negatively influenced by the level of 
education of the head of the household (P<0.1). Access to quality seeds was 
negatively affected by the size of the household (P<0.05). Similar explanations could 
be extended to the negative effect of household size on cash-cropping (P<0.05) and 
access to credit services (P<0.05).  
 
 Table 5-9 Determinants of access to resources in the Irrigation (standard errors in parenthesis) 
N=80 Technology transfer Quality seeds Cash-cropping Credit services Irrigation 
 
Market organization Draft power 
Education level (years) 0.02 (0.1) -0.15(0.1)* -0.16(0.1) 0.07(0.1) -0.02(0.1) 0.01(0.1) 0.02(0.1) 
Household size(adult equivalents) -0.13 (0.2) 0.44(0.2)** -0.49(0.2)** -0.45(0.2)** 0.03(0.2) 0.33(0.2) -0.09(0.1) 
Cropped area(acres) 0.24(0.2) -0.06(0.2) 0.053(0.2) 0.24(0.2) -0.29(0.2) -0.29(0.2) -0.33(0.2) 
Dummy Participation 3.21(1.8)*** 4.18(1.1)*** 3.07(1.1)*** 2.86(0.8)*** 3.53(0.9)*** 4.51(1.1)*** 1.6(0.6)** 
Probability Participation 0.44 (1.4) -0.35(1.3) 2.29(1.5) -0.09(1.6) -1.09(1.8) -3.10(1.8) 0.45(0.7) 
Constant  
Model summary 
-2.64 (1.5)* 0.82(1.4) -0.34(1.6) -1.26(1.5) -0.44(1.7) -0.40(1.5) -2.9(1.3) 
Chi square 30.3*** 38.8*** 36.5*** 30.1*** 40.8*** 40.0*** 12.0* 
-2loglikelihood 76.5 72.1 59.4 72.2 60.1 69.6 97.1 
R2 (Nagelkerke) 0.428 0.515 0.525 0.435 0.557 0.528 0.187 
% correctly predicted  
0 
1 
Total 
 
91.8 
64.5 
81.3 
 
90.9 
66.7 
80.0 
 
93.0 
65.0 
85.0 
 
94.3 
63.0 
83.8 
 
92.6 
69.2 
85.0 
 
93.3 
62.9 
80.0 
 
78.3 
52.9 
67.5 
Note: .***, .**, and .* denote 99, 95 and  90 percent Levels of Confidence (CL), respectively  
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5.4 Discussions 
This study sought to evaluate the effectiveness of the five interventions on resource 
access, and to test the hypothesis that the interventions with relevant and sustainable 
designs (MAP and K-REP) were the most effective. The results showed that access to 
resources is determined by participation in the respective interventions and household 
demographic factors. The observations are discussed further in this section.  
Intervention participation 
The results of the demographic characteristics of the studied households showed low 
variation. This observation agrees with the general expectation that households in the 
rural communities tend to be homogenous (Shaner et al., 1982). However, 
participation in the CBNP had relatively more women than the other interventions, 
possibly due to purposive targeting of the very poor. In Kenya, the poor tend to be 
female-headed households (Geda et al., 2001). The remarkably low number of 
unemployed adult children in all the interventions could be attributed to urban 
migration by young adults in search of non-agricultural employment (Geda et al., 
2001). 
The results of the model for participation showed participation was closely related to 
closeness to the intervention’s offices. Same observation is reported in Pitt et al., 
(1993) who argue that “because fees charged by government programmes are nominal 
or zero, “access” represents the cost of travelling to a programme”. Logically, the 
transaction costs of obtaining services from an intervention are much less for closely 
located households, particularly because the area is marginalised with poor road 
communication. While this observation on programme placement would suggest more 
decentralization of interventions to increase participation, Gertler and van der Gaag 
(1990) show that placement of a programme where there were no other similar 
programmes raised the incremental reduction in the average time cost. It can therefore 
be concurred that placement of interventions need to be coordinated so that they are 
close to beneficiaries while not overlapping with other similar interventions. 
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Resource access and intervention participation 
Table 5-10 summarises the resources that were on average adequately available 
within each intervention.  
 
Table 5-10 Resources in which the various interventions were effective in 
MAP ICRISATP CBNP K-REP Irrigation 
Water supply* 
Produce markets *** 
Quality seeds*** 
Veterinary services*** 
 
Technology 
transfer** 
 
Technology 
transfer** 
Development of  
SMEs*** 
Irrigation**  
Veterinary 
services** 
Credit and 
 savings*** 
 
Market 
organisation*** 
Irrigation *** 
Technology 
transfer*** 
Quality 
seeds*** 
Credit and 
 savings*** 
Cash-crops*** 
draught 
power** 
Note: *,**,*** = effective at 90, 95 and 99 percent CL, respectively. 
 
As expected, the most available resources were those for enhancing farm productivity. 
This was attributable to the intervention designs which were biased towards farm 
productivity. With this respect the most accessed resource was technology transfer, 
available within all the interventions, except K-REP. Access to resources for 
enhancing farm productivity, namely irrigation, quality seeds, market organization 
and draught power were patchy, minimal and largely depended on the design of the 
intervention. Similarly, access to resources that could enhance household incomes, 
such as cash-crops, credit and savings and development of SMEs were 
disconcertingly low. 
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The reasons for the observed variation across the case studies are variable, and could 
be explained by the observation in chapter four on intervention designs. The results 
could also be explained by the observations in annex 5-1, which is a summary of the 
responses of all the problems encountered within an intervention. To better 
understand why the interventions were ineffective in enhancing access to specific 
resources, respondents had been asked to state the problems encountered during 
participation.  
In terms of specific interventions, the observed effectiveness in MAP was attributable 
to the interventions designs which was found relevant and sustainable (chapter 4). 
Intervention strategies similar to those of the MAP are reported effective in the high 
semi-arid region of Machakos (Sherr and Hazell, 1994), and in other countries, such 
as Burkina Faso and Mali (Guijt, 1992; FAO, 2003a). But, MAP’s design exhibited 
gaps in the lack of quantifiable objective targets and institutionalisation of community 
groups. In the former case, an example is the intervention’s plan to increase access to 
water. Yet, some of the dams constructed were either too shallow or too poorly done 
that they were unsustainable or unbeneficial to the target community, as reported by 
participants (annex 5-1). The number and size of dams that should have been 
constructed per specific village had also not been a priori specified, nor were the 
other activities (according to MAP project report).  
As expected, participation in the ICRISATP did not lead to improved access to 
resources, because the design was low in relevance and sustainability (chapter 4). The 
problem in ICRISATP is what Pretty (1995; Mulwa, 2004) refer to as ‘passive 
participation’. Even though ICRISATP’s crop technologies were developed on 
farmers’ fields with farmers’ involvement in the selection of desirable traits 
(cookability, taste), the selection of the crop varieties was done by ICRISATP staff. 
Consequently, the selected technologies had low adoption rates, being said to be 
inferior in food preference and price relative to the staples. Besides, it has been shown 
that adoption of specific associated technologies (fertilizers) according to 
specifications of research stations was unprofitable to small-scale farmers (Duflo et 
al., 2007). 
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The low effectiveness of the CBNP was attributed to the low relevance of the 
strategies (chapter 4), what Pretty (1995) refers to as lack of perceived benefits of the 
intervention. This was reflected in laxity by the target group to consistently participate 
in the project activities as reported by the project coordinator. The lack of relevance 
was confirmed by the high proportion (50 percent) of the participants quoting rainfall 
failure as an underlying problem (see annex5-1). Nutrition education and agricultural 
trainings which were emphasised by the CBNP have been found to complement each 
other where participants could successfully cultivate nutritious food crops (Laurie & 
Faber, 2008; Low et al., 2007). In the absence of such complementary strategies, the 
CBNP could have insignificant impact on household food security.  
The lack of effectiveness of the CBNP on draft power, on its strategies could be due 
to complexity in the technology. Guthiga et al., (2007) show that adoption of the 
draught power depends on the availability and affordability of the whole package 
(animals and plough), the skills and associated implements. If farmers have one and 
not the other part of the package, then they will report inadequate access. Access to 
the whole package is influenced by various factors, availability of sufficient pasture, 
social as to the ability to train and manage the oxen, buy implements and institutional 
as to the availability of implements in the market, availability of veterinary services 
for control of diseases, among others. These diverse factors are difficult to be 
managed within a single intervention; and were certainly not considered under the 
CBNP. 
For K-REP, effectiveness in the development of SMEs, credit and savings and, 
draught power could be attributed to its design that was highly relevant and 
moderately sustainable (chapter 4). K-REP not only exploited the existence of local 
groups, but recognized the complementary nature of these resources; and their 
relevance to the target community. Loan candidates need trading skills for successful 
repayment (Gayle & Barness, 2005). In addition, vertical integration of the financial 
institution to conventional banks provided trust among participants (Danida, 2004).  
Effectiveness in veterinary services could be linked to livestock keeping in the K-REP 
area; which lies in the agricultural zone 5/6, suitable for ranching (GoK, 1986; 
Mbogoh, 2000).  
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Ironically, the overall effectiveness of the K-REP was also undermined by the design 
of the intervention: linkage of agricultural credit to non-agricultural enterprises. 
Consequently, many (40 %) of participants felt marginalized (annex 5-1) in the sense 
that credit allocation benefited those who had off-farm businesses; as only they could 
afford the weekly repayments, using proceeds from the businesses. Besides, the loan 
amounts were reportedly too small, and grace period too short to take advantage of 
price differentials under agriculture. Therefore, the expected spill-over effects of 
credit to purchase inputs such as fertilizers, quality seeds and draught power was 
insignificant. This observation echoes Wampfler et al., (2003) that microcredit is 
beneficial to non-agricultural enterprises. Low et al., (2007) adds that microfinance 
does not respond to the specificities of agricultural demand. Even in the high potential 
areas in Kenya, access to credit by small-scale farmers for the production of food 
crops is relatively low. For example, in the high agriculturally potential Embu district, 
less use of credit for maize than for coffee is reported (Ouma et al., 2002). Besides, 
credit for maize production is linked to the coffee crop; marginalizing non-coffee 
growers.  
The observations demonstrate a glaring need for credit-food crops-market linkages 
found in high- value crops. This may require that credit institutions expand into 
marketing, crop insurance and technical services. The accessible resources under K-
REP suggest that the intervention may have impact on non-farm incomes and possibly 
therefore on food access. 
The effectiveness of the Irrigation on a wide range of resources was attributed to the 
nature of the intervention which encouraged the promotion of the proposed 
institutional linkages (chapter 4). The production of fruits and vegetables with high-
market value motivated participation of related service providers such as contracting 
companies (e.g. Vegecare) who provided complementary services- technical advice, 
credit for inputs (fertilizers, pumps, and pesticides) and most importantly, market 
organization and linkages. This involvement gave the intervention a kind of 
multidisciplinary collaboration, even though the necessary institutional coordination 
was lacking.   
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The irrigation intervention provides evidence of complementary resources in the 
drylands: access to markets, irrigation and technical advice. Similar observations are 
reported in various studies within and outside Kenya (Nzomoi et al., 2007; 
McCulloch & Ota, 2002; Narayanamoorthy, 2001; Dijkstra, 1997). However, the lack 
of institutional coordination arising from the initial design of the intervention (as 
implemented by the Israeli technical cooperation), that neither empowered the local 
community to own the technology nor integrated them into the wider institutional 
structures did undermine the effectiveness. For example, there was overlap in some 
activities and neglect of other priority ones such as management of crop diseases and 
irrigation skills (see annex 5-1). The local growers’ cooperative could achieve this but 
it was still at its infantry stage at the time of this research, requiring organizational 
strengthening. 
Other factors which affected resource access, besides participation in an intervention 
included the level of education of the head. of the household It was negatively 
correlated with access to quality seeds (in both the MAP and the Irrigation), probably 
because educated household heads tend to be relatively less poor; and less poor 
household are able to preserve harvests (Muyanga, 2004), and by implication store 
seeds. The size of household was negatively correlated with access to credit probably 
because relatively larger households tend to be relatively poorer (Nyangito et al., 
2002; Nzomoi et al., 2007). With this respect this study concurs with Chen and 
Snodgrass (2001) that the very poor households (large households) cannot have the 
luxury of borrowing, with incomes that are already low.  
 
5.5 Conclusions 
This chapter set to test the hypothesis that the most relevant and sustainable 
intervention designs were the most effective in resource access.  
The results of the study showed that as expected, the relatively more relevant and 
sustainable MAP and K-REP were effective in the resources within their intervention; 
as compared to the ICRISATP and the CBNP. However, and contrary to expectation, 
the less relevant and sustainable Irrigation design was the most effective. 
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The findings led to the conclusion that the effectiveness of interventions in resource 
access was not only a factor of the intervention processes. The sequencing of 
resources where access to one type of resource is precursor to another is also 
important. In the case of this study, such sequencing was observed under the 
Irrigation intervention. Access to irrigation by closely located farms enabled 
exploitation of special market niches and motivated participation of private 
organizations for production and marketing of horticultural produce. 
Intervention planners could enhance the effectiveness in resource access through 
participatory identification and sequencing of complementary resources. Emerging 
complementary resources were irrigation, markets (credit, inputs) and technical 
advice. Effective starting point is formation of local input and marketing 
organizations for “specialised” farm commodities as was found in the Irrigation 
intervention. The local organizations could link with public and private market 
institutions as described in the conceptual framework of this study (chapter 2). 
In terms of anticipated impacts, the MAP could have moderate impact on improved 
farm productivity and hence food availability. The lack of effectiveness in resource 
access by ICRISATP and the CBNP implies insignificant potential for impact on 
either food availability or access. K-REP is expected to exert impact on non-farm 
incomes. Finally, the Irrigation intervention, with high access to wide range of 
resources is expected to have significant impact on both farm productivity, and hence 
on food availability. The next chapter identifies whether these impacts were 
actualized. 
 123 
 
6 Impact of the interventions on household food security  
 
“These improvements would impart financial benefits; besides, they would add to the 
beauty of the prospects from the house” (Bromley, 1993). 
 
Abstract 
In this chapter, descriptive statistical analysis was supplemented with econometric 
models to assess the impact of the different interventions on household food security. 
Objectively, the analysis sought to test the hypothesis that interventions which were 
significantly effective in access to resources would have significant impact on 
household food security. The results showed that the MAP and Irrigation 
interventions had significantly positive impacts on food security, which was linked to 
higher farm productivity. The findings in general confirmed the above hypothesis.  
 
6.1 Introduction 
In theory, households in the study area can attain food security either from domestic 
production (influencing food availability), purchases from the market(influencing 
food access) or varying combinations of both (Nyariki et al., 2002) Food security 
interventions affect food security through strategies that enhance food production or 
incomes for purchases or through both The food security conceptual model adopted 
for this study in chapter 2 (figure 2-4) is based on the hypothesis that that households 
in Makueni can attain food security from both domestic production and purchases, 
algebraically expressed as in equation 6-1 (Nyariki et al., 2002):  
 
FS = f1 (AV) + f2 (AC)      Equation 6-1 
 
Where FS represents an index of food security, AV is factors influencing food 
availability, mainly production and AC are factors influencing food access. 
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The objective of this chapter is to determine the food security outcomes of the 
interventions and hence identify intervention strategies for improving household food 
security in the study area.  
Following the conceptual framework (figure 2-4), the food security outcome of an 
interventions would depend on how effective it was in resource dissemination. The 
analysis tests the sub-hypothesis that intervention designs effective in enhancing 
adequate access to resources would have significant impact on household farm 
productivity or non-farm income (H5a and H5b). The analysis also tests the main 
hypothesis, reflected in (H6) that simultaneous impact on farm productivity and non-
farm income is conditional for significant impact on food security (consumption). 
Significant impact on food security from any intervention would lead to rejection of 
the hypothesis. It was shown in the previous chapter (five) that the different food 
security intervention designs had varying effects on access to a variety of resources. 
Interventions effective in farm production resources such as the MAP and the 
Irrigation are expected to register significant impact on food security through 
improved productivity hence availability (see Nyariki et al., 2002; Nyangito et al., 
2004). Similarly, interventions effective in non-farm resources such as the K-REP are 
expected to have positive impact on non-farm income hence food security through 
purchases. Positive effects have been reported from similar interventions (e.g. 
Mosley, 1999; Alfrane, 2003; Gayle and Barnes, 2005; Victoria et al., 2007). 
Improved consumption from food loans may also be observed, particularly where 
credit was given to women (Duft and Sundhaham, 2004; Kandker, 2005). 
Interventions which were generally ineffective in resource dissemination, the 
ICRISATP and CBNP were not expected to make significant impact on food security. 
The Irrigation was effective in access to resources that encouraged farm production 
for both food and commercial purposes. The intervention could thus have impact on 
both food availability through improved food production and access from better 
incomes. Irrigation is reported to have a positive effect on the food security status of 
households (Narayanamoorthy, 2001; McCulloch and Ota, 2002).  
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The chapter is organized in five sections. The next section is on methodology while 
section three gives results. Section four is on discussion of the results and five 
concludes the chapter. 
 
6.2 Methods and data 
The food security components summarised in equation 6-1 are influenced by different 
factors. The factors are either endogenous or exogenous by nature; and if included in 
a single equation, may introduce simultaneity bias (Ravallion, 2001). To avoid this 
problem and to identify the effects of intervention participation on each component, 
and the interaction between the components, the analysis was split in three sections. 
The first and second sections analysed the impact of interventions on food availability 
and access, respectively. In the third section, the impacts of the interventions on food 
security were analysed, with the objective of identifying if the interventions which 
were effective in the first two components were also effective in food security. In 
each section, the first step was estimation of the parameters whose impact was to be 
measured. A second step involved statistical comparison of the means of the 
parameter and a third step involved regression analysis to identify the significance of 
intervention participation on the parameter, controlling for confounding factors.  
For the regression analysis, the theoretical model for food security expressed in 
equation 6-1 was transformed into a linear standard treatment effects model (equation 
6-2) used in the analysis of intervention impacts (see for example Warning and Key, 
2002).  
 
      Equation 6-2 
       Equation 6-3 
Ii = 1 if I*i > 0, otherwise Ii = 0,  
Where, Yi is the food security index particular household, i; Xi is a vector of variables 
thought I’s food security status; Ii is the dummy for participation in an intervention; 
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and Zi is the vector for the variables influencing participation. The base equation (6-2) 
cannot be estimated directly because the decision to participate may be determined by 
factors which also affect food security status. In this case, the error terms,  and  in 
the two equations will be correlated, resulting to biased estimates on the participation 
parameter  (Ravallion, 2001).  
To minimize the bias due to selection into participation in a particular intervention, a 
two-step regression was adopted involving modeling of participation (see Heckman 
and Vytlacil, 1999; Ravallion, 2001). In the first step, participation in an intervention 
was modelled and the residuals of the probabilities saved and added as explanatory 
variable in the second regression step for determination of impact (Heckman et al., 
1997; Ravallion, 2001; Imbens, 2004). The explanation for the model for participation 
is contained in chapter five of this thesis. The next sections describe the analysis of 
impact on the three components: availability, access and consumption. 
 
6.2.1 Determination of interventions’ impacts on food availability  
In this study, farm productivity was used as an indicator of household food 
availability. This is partly because household food availability in the study area is 
positively correlated with farm productivity (Nyariki et al., 2002); and partly because 
the interventions aimed to raise food availability through productivity-enhancing 
strategies (chapter five of this study). Hypothetically, an intervention that had 
significant impact on productivity-enhancing resources would have significant impact 
on farm productivity. 
Farm productivity included annual output of all crop and livestock enterprises 
(consumed or marketed), valued at the average local market prices (Kenya shillings)2. 
Livestock valuation was restricted to the part of livestock and livestock produce sold, 
and not to livestock heads in the farm. Crop outputs were estimated for both bad and 
good rainfall seasons. The average for each household was calculated and considered 
                                                 
2 A Kenya shilling is equivalent to U. S dollar 76 (Kenya Daily Nation, August 2006). 
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as the annual crop production. Livestock output was estimated as all the sales within a 
typical year. Farm productivity was calculated by dividing the obtained mean values 
of farm output (crop and livestock) by the landholding.  
First the mean values of farm produce for each intervention were statistically 
compared to identify if they were larger than that of the control, suggesting impact. 
Then regressions were carried out to test whether the observed mean differences were 
statistically attributable to participation in the intervention (Ravallion, 2001).  
 
Specification of regression variables for the analysis of farm productivity 
The model equation 6-2 applied in this analysis had the variables specified as follows: 
The dependent variable, yi was the mean farm productivity of each intervention group 
while the explanatory variables, Xi were characteristics of respondent household (the 
age, education level of the head of the household, and the size of the household); farm 
characteristics (cropped area and number of enterprises); and intervention 
characteristics (participation and probability of participation in a given intervention).  
Following a study in Kenya (Geda et al., 2001), age was expected to have a negative 
influence; education level a positive effect, and the landholdings an insignificant 
effect. The size of the household was expected to have positive impact It is argued 
that larger households in the drylands make good use of their labour and have higher 
production per head than smaller households (Kremer and Lock, 1993). Participation 
in the MAP and Irrigation intervention were expected to positively affect farm 
productivity due to observed significant effects on access to relevant resources 
(chapter 5 of this study). For contrary reasons, participation in the other interventions 
may not have significant impact on farm productivity. The probabilities of 
participation may have either effect. Positive effect would indicate that unobserved 
factors relating to participation are contributing to the parameter under investigation 
(Warning and Key, 2002; D’Haese et al., 2005).  
The classical assumptions of linear regression (Greene, 2000; Gujarati, 2003) were 
controlled for and accordingly adjusted using the SPSS software employed in the 
analysis.  
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6.2.2 Determination of the intervention’ impact on food access  
Household non-farm income was used as proxy for food access. This was based on 
two considerations: firstly, the documented link between non-farm income and 
household food access, particularly in Kenya’s drylands (see examples, Nyariki et al., 
2002; Muyanga, 2004; Nyangito et al., 2004). Households with relatively higher 
levels of non-farm incomes are better equipped to cope with food entitlement failures 
arising from drought (Muyanga, 2004). The second consideration was the existence of 
interventions, such as the K-REP that emphasized on strategies for improving non-
farm household incomes. Understanding the impact of the strategies was relevant for 
this study, as stated in the study hypotheses. Hypothetically, the K-REP intervention 
would have impact on non-farm income. 
The non-farm sources of household income considered in the analysis were sales of 
family labour (wages from casual employment and salaries from permanent 
employment), revenue from business activities and remittances from family members 
living away from home (Nyangito et al., 2004). The total income obtained was 
divided by the number of adult equivalents to obtain annual per adult equivalent non-
farm income.  
The analysis of impact involved statistical descriptions in which the levels of the 
incomes for the intervention groups were compared with that of the control, and 
regression in which the effects of the different factors were assessed.  
 
Specification of regression variables for the analysis of non-farm income 
The dependent variable, yi for the applied model (equation 6-2) was non-farm income. 
The explanatory variables (Xis) were household characteristics (the age and education 
level of the head of the household), the number of salaried members and the 
characteristics of the intervention (participation and probability of participation in a 
given intervention). According to a similar research in Ghana and Uganda 
(Canagarajah et al., 2001), age was expected to have negative impact on non-farm 
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incomes as older people may be marginalised in non-farm employment opportunities. 
The level of education was expected to have a positive impact on non-farm incomes 
through better access to salaried employment. The dummy for participation was 
expected to have positive effects, particularly for the K-REP due to significant effect 
on access to relevant resources (see chapter five of this study).  
 
6.2.3 Determination of interventions’ impact on household food security status 
In this study, the analysis of food security was limited to the quantitative calorie 
acquisition (henceforth referred to as energy availability), which is the amount of food 
prepared by a household (FANTA, 2004). The method is applied when it is not 
possible to closely monitor food intakes within a household (FANTA, 2004). The 
advantage with the measure is that it reflects the ability of a household to acquire 
basic food, by whichever way (production and purchases) and permits econometric 
identification of the determinants of the ability to acquire food. The disadvantage is 
that it does not allow observations on individuals and can hide disparities in intra -
household distributions (FANTA, 2004). Nonetheless, it provides reliable estimates of 
household food security condition. For example, FANTA (2004) used the method to 
measure food security in Guatemala. The method has also been applied to assess food 
consumption in Kenya (Kabubo-Mariara and Ndeng’e , 2004).  
The energy availability of a household was estimated from a list of the quantities of 
all food items a household prepares in a typical week of a good harvest season. The 
quantities were available from household questionnaire in which respondents had 
been asked to state the food quantities of specific food items prepared in seven-day 
week, based on memory recall. Then, the seasonal variability was adjusted using food 
self-sufficiency and food rationing ratios. The food self-sufficiency ratio is the 
number of months the staple food (maize) is obtained from the farm in a year. The 
opposite, the market dependency ratio is the number of months the staple is bought 
from the market, in a year (implied in KCBS, 2006a). The rationing ratio was an 
invention of the researcher and was considered as the level by which the daily food 
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allocations (prepared food) were reduced, during the period of food scarcity (when 
staple food grains have to be bought).  
The following formula, innovated by the researcher, was applied for seasonal 
adjustment of energy availability.  
 
           
      Equation 6-4 
 
The food quantities were converted into energy values using the conversion values in 
annex 6-1 derived from CTA/ECSA (1987). The values were then reduced from 
weekly to daily household energy availability.  
For the estimation of food security status, per adult equivalent energy availability was 
used. This value was obtained by dividing the adjusted daily household energy 
availability by the adult equivalents in each household. The adult equivalents were 
calculated using the WHO (1985) recommended daily energy consumption for the 
various age categories. The recommended daily energy intake for a man doing heavy 
activity (farming) was considered as the reference by which other age groups were 
compared. This energy level is 3550 kcal and was converted to unity (3550/3550). So 
the other age groups are ratios of between 0 and 1, by dividing the respective 
recommended caloric intake by 3550 (annex 6-2). 
To obtain the mean food security status within an intervention group,  the FAO 
(2003b) recommended minimum energy consumption level of 2250 kcal per person 
per day was used as the reference value in the following Foster, Greere and Thorbeck 
(FGT) formula (equation 6-4) for measuring poverty. The formula is however 
applicable in measuring food insecurity, where food insecurity is viewed as an 
indicator of poverty (see Kimalu et al., 2002). 
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Where,  was specified as an index measuring food insecurity, yi is the energy 
availability of household i per adult equivalent, z is the minimum energy availability, 
N is the total number of households, q is the total number of food insecure 
households, and α is the FGT parameter, which may be interpreted as a measure of 
food insecurity aversion, α assumes values equal to or greater than 0.  
αP
To measure head count ratio (the number of food insecure individuals to the total 
population), Pα. is 0. To show how far an individual is below the poverty line (food 
insecurity gap), Pα. assumes a value of 1. This gap however does not differentiate the 
degree of inequality which is measured by the severity index, when α is 2. 
In this study, the FGT analysis was limited to the first case, Pα. = 0, in which the food 
insecurity index for each intervention was determined. Following equation (6-4), for 
values of yi = z, is zero; that is there are no food insecure households in the 
population. As the FGT parameter approaches infinity, so does the poverty measure, 
Pα. This implies that the most food insecure household fully accounts for the 
magnitude of food insecurity in the population. In that case, the neediest person in the 
population would be the focus of related intervention (Kimalu et al., 2002). Similarly, 
if yi >z, Pα is again zero, because, by definition, there are no food insecure households 
when household calorie availability is above the basic minimum.  
αP
 
Specification of regression variable for the analysis of food security  
To identify interventions with significant impact on food security, and determine if 
the interventions with significant impacts on household farm productivity and non-
farm incomes also had impact on food security, the daily per adult equivalent energy 
availability was regressed on the following explanatory variables: the age and 
education level of the head of the household, the size of the household, landholdings, 
market dependency ratio (number dry months food is purchased per year), household 
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participation in an intervention and probability of participation. Age was expected to 
have positive impact, based on observations from previous studies (e.g. Carter, 1997; 
Geda et al., 2001; Deaton, 1997); probably due to the link between life-cycle 
productivity and consumption (see Deaton, 1997). However, Nyariki et al (2002) find 
age to have insignificant influence on energy availability levels of households in 
Makueni district Similarly, the level of education was expected to have a positive 
effect, due to its link with better production and access to non-farm income (Geda et 
al., 2001; Nyariki et al., 2002). The size of the household could have positive impact 
(Geda et al., 2001) due to expected positive impacts on production (Kremer and Lock, 
1993). But the effect could also be negative as shown in Nyariki et al., (2002). The 
market dependency ratio was expected to negatively affect energy availablity due to 
the practice food rationing reported during the data collection exercise. Nyariki et al 
(2002) also report significant negative effect of dry season on energy consumption in 
the study area. Participation in the MAP, K-REP and the Irrigation interventions was 
expected to have positive impacts owing to expected impacts on household farm 
productivity and on non-farm income (in the case of K-REP); owing to observed 
significant impacts on resource access by these interventions (discussed in chapter 5).  
 
6.3 Results  
6.3.1 Determinants of farm productivity 
The variables that could explain variation in farm productivity across the 
interventions are summarised in table 6-1. The summary represents statistical 
comparison of the means of the variables between each intervention and the control 
group. Land holdings as indicated by the rain-fed area were significantly variable. The 
average landholdings for the participants of MAP and K-REP were significantly 
larger than for the control group. On the contrary, the participants in the Irrigation had 
significantly smaller landholdings (P< 0.05). Irrigated production was minimal, 
indicated by the relatively small areas under irrigation. Only the participants of the 
Irrigation intervention had mean irrigated areas which were significantly (P<0.01) 
higher than that of the control group, albeit small (1.8 acres). Crop diversification was 
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an important practice, with an average of ten different crops per farm, with or without 
intervention.  
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Table 6-1 Statistical comparison of the mean farm production variables for the 
interventions and control groups (standard deviations in parenthesis) 
 
N 
MAP 
29 
ICRISATP 
25 
CBNP 
28 
K-REP 
29 
Irrigation 
23 
Control 
57  
Rain-fed area 
(acres) 
5.2** 
(4.5) 
4.1 
(2.5) 
3.3 
(1.5) 
7.5*** 
(3.5) 
2.0*** 
(1.6) 
3.6 
(2.2) 
Irrigated area 
 (acres) 
0.1 
(0.1) 
0.1 
(0.1) 
0.3 
(0.6) 
0.2 
(0.7) 
1.8*** 
(0.9) 
0.1 
(0.6) 
Crop diversity 
 (number) 
11.5 
(3.6) 
11.3 
(3.0) 
10.7 
(2.7) 
11.6* 
(3.7) 
9.3 
(3.3) 
10.1 
(3.6) 
Crop output  
bad season (Kshs) 
88,258**  
(37,034) 
9,665 
(5,965) 
4,883** 
(6,031) 
28,813*** 
(27,923) 
235,065*** 
(76,403) 
11,437 
(15,604) 
Crop output good 
season (Kshs) 
217,275** 
(733021) 
34,472  
(15,552) 
39,955 
(20,836) 
112,169*** 
(56,019) 
268,123*** 
(214,537) 
36,519 
(28,154) 
Mean crop 
 output (Kshs) 
152,898** 
(551, 786) 
23,024 
(9,625) 
23,034 
(11,227) 
70,456*** 
(38,073) 
251,034*** 
(205,158) 
23,111 
(18,226) 
Livestock output 
 (Khs) 
37,004*** 
(39,184) 
7,941 
(8,733) 
9,035  
(7,183) 
13,191* 
(14,256) 
19,122*** 
(20,788) 
7,039 
(8,342) 
Mean farm  
Productivity(Khs/acre) 
15,687** 
(26,785) 
7,541 
(8,733) 
7,501 
(331) 
11,600*** 
(9,154) 
97,107*** 
(76,073) 
6,795 
(3,884) 
Note: *, **, *** denote statistical significance at 90, 95 and 99 percent confidence 
level, respectively. Khs is Kenya shillings. 
 
Farm productivity varies widely, within and between intervention groups and across 
seasons. As expected, whatever the season, the participants of the MAP, K-REP and 
the Irrigation interventions had mean productivity values that were statistically higher 
(P <0.05) than that of the control group, suggestive of impact. On the contrary, the 
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CBNP and ICRISATP had mean values that were not statistically different from that 
of the control group (P> 0.1), suggesting lack of impact. As expected, the Irrigation 
participants had relatively less seasonal variability, being able to compensate rainfall 
shortages with irrigation. Livestock output was significantly higher than for the 
control in the MAP (P< 0.01), K-REP (P<0.1) and the Irrigation (P< 0.01). The values 
for the ICRISATP and CBNP were slightly higher than the control, but not 
statistically significant (P>0.1). 
Results of the model to test if participation in intervention could statistically be 
attributed to the observed differences in mean farm productivity are summarised in 
table 6-2. The models were highly significant for all the intervention groups, (P < 
0.01) for all the F-statistics.  
The results for the different interventions were mixed. The mean farm productivity for 
the participants of MAP was positively dependent on the age and education level of 
the household head (P <0.01). But contrary to expectation, participation in MAP did 
not indicate significant impact on farm productivity. For the ICRISATP, the mean 
farm productivity was positively influenced by the age and education level (P< 0.01) 
and negatively by the size of the household (P< 0.05). In the CBNP, farm productivity 
was also positively dependent on the age (P<0.05) and education level (P<0.01) of the 
household head. The observations for K-REP indicated positively high influence by 
the age and education level of the household head, as well as by the dummy for 
participation (P< 0.01). The mean farm productivity for the Irrigation intervention 
was positively influenced by the education level (P<0.05), the cultivated area 
(P<0.01) and the dummy for participation (P< 0.01). The probabilities of participation 
had significant influence in the CBNP and the K-REP suggesting that the mean farm 
productivity was in these interventions influenced by unobservable factors underlying 
participation.  
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Table 6-2 Determinants of mean farm productivity within the intervention groups 
(standard errors in parenthesis) 
 
 
N 
MAP 
361 
ICRISATP 
377 
CBNP 
485 
K-REP 
473 
Irrigation 
312 
Constant 3.27*** 
(1.02) 
0.07*** 
(0.03) 
0.22*** 
(0.06) 
-0.05 
(0.13) 
-0.04 
(0.09) 
0.16 
(0.96) 
0.23 
(0.96) 
0.341 
6.8*** 
1.83 
4.04*** 
(0.78) 
0.07**** 
(0.02) 
0.24*** 
(0.05) 
-0.22** 
(0.12) 
0.09 
(0.03) 
0.11 
(0.07) 
1.05 
(2.0) 
0.401 
10.0*** 
1.63 
3.56*** 
 (0.84) 
0.06** 
 (0.02) 
0.19*** 
(0.06) 
-0.06 
(0.12) 
0.06 
(0.07) 
0.24 
(0.56) 
1.99** 
(0.85) 
0.468 
11.5*** 
1.59 
4.09 *** 
(0.92) 
0.06 *** 
(0.02) 
0.23*** 
(0.06) 
-0.13 
(0.12) 
0.12 
(0.09) 
1.78*** 
(0.66) 
-1.94** 
(0.83) 
0.428 
9.3*** 
1.62 
7.92*** 
(0.48) 
0.02 
(0.01) 
0.06** 
(0.03) 
-0.08 
(0.06) 
0.38*** 
(0.14) 
1.75*** 
(0.36) 
0.21 
(0.46) 
0.665 
27.1*** 
0.85 
 
Age of household head (years) 
 
Education level of household head(years) 
 
Household size (number) 
 
Landholdings (acres) 
 
Dummy Participation  
 
Probability participation  
 
R2 adjusted 
F –statistic 
SEE 
 
Note: ***, ** and * denote statistical significance at 99, 95 and 90 percent CL, respectively  
 
6.3.2 Determinants of non-farm income  
The sources and composition of non-farm income within each intervention group, 
statistically compared with the control group are summarised in table 6-3. There were 
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wide variations in the level and contribution of non-farm incomes to the total income. 
For the MAP, non-farm income constituted an average of 29.1 percent of all its 
income sources; the rest was from the farm. About half of this fraction (13.7 percent) 
came from salaries. For ICRISATP, non-farm income constituted about half 
(49.2percent) of its income sources; and mainly came from wages (20.1 percent) and 
businesses (15.6 percent). Similarly, wages constituting 26.1 percent and businesses 
(18.2 percent) were significant components of the CBNP’s non-farm income making 
up an average of 46.7 percent of the total household income. The K-REP had just over 
half (53.3 percent) of its income from non-farm sources, spread into businesses 
(15.6percent), wages (14.7 percent) and salaries (12.2 percent). The Irrigation though, 
showed relatively low dependence on non-farm income which constituted an average 
of 4.7 percent of the total income.  
Statistical comparison of the interventions’ incomes from the different sources with 
that of the control showed low variations. For MAP, the income from wages was 
significantly smaller than that of the control group (P<0.01). The values for the other 
incomes sources, though larger, were insignificantly different. This could be due to 
the relatively high standard deviations in the distributions of these incomes within the 
intervention. For ICRISATP, all incomes sources were indifferent from the control 
while for the CBNP only incomes from remittances were significantly lower (0.05). 
According to expectation, the mean income from business activities was highest for 
K-REP participants, though not highly significant (P>0.1). The mean income from 
remittances was significantly higher than that of the control group (P<0.01). The 
participants in the Irrigation had both mean remittances and total non-farm income 
significantly less than those of the control groups. 
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Table 6-3 Statistical comparison of the means of the various non-farm incomes (Kshs) 
of the interventions and the control group (standard deviations in parenthesis) 
Project  
N 
MAP 
27 
 
ICRISATP 
25 
CBNP 
28 
K-REP 
29 
Irrigation 
23 
Control 
57 
 
Salaries  
 
 
Wages  
 
 
Business  
 
 
Remittances 
 
 
Mean non-
farm 
income/adult 
equivalent 
 
35,917 
(52,528) 
13.7% 
2,813*** 
(7,935) 
1.1% 
23,785 
(43,213) 
7.5% 
7,856 
(4,074) 
6.8 % 
18, 945 
(17, 955) 
29.1% 
 
10,608 
(22,518) 
13.5% 
15,640 
(20,503) 
20.1% 
12,912 
(19,100) 
15.6% 
8,784 
(11,984) 
11.2 % 
12,126 
(8,853) 
49.2% 
 
 12,827 
(40,558) 
15.6% 
21,462 
(22,387) 
26.1% 
14,931 
(21,941) 
18.2% 
1,075** 
(3,675) 
1.3 % 
12, 881 
(8,179) 
46.7% 
 
19,285 
 (51,777) 
12.2% 
23,214 
 (41,260) 
14.7% 
24,535* 
(29,755) 
15.6% 
6,639*** 
(19,676) 
4.2 % 
13,636 
(15,496) 
53.3% 
 
1,000.0** 
(200.0) 
0.1% 
4,652** 
(15,592) 
1.6% 
6,260 
(25,293) 
2.2% 
739** 
(2,666) 
0.3 % 
3,173*** 
(8,767) 
4.7% 
 
16,400 
(35,482) 
18.7% 
18,037 
(28,051) 
18.6% 
14,308 
(22,344) 
19.1% 
5,594 
(9,887) 
5.0 % 
11,409 
(5, 163) 
61.4% 
 
Note: ***, **,* denote statistical significance at 99, 95 and 90percent CL, respectively. Percentages 
indicate the contribution of the income item to the total household income. 
 
The mean non-farm incomes for the participants of all the five interventions were not 
statistically higher than that of the control group suggesting lack of impact. However, 
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the results do suggest that intervention groups which had relatively low levels of farm 
productivity (e.g. ICRISATP, CBNP) tended to compensate with non-farm income, 
particularly from wage-earnings and business activities (table 6-3). On the contrary, 
households involved in the Irrigation intervention seemed not to diversify their 
sources of income. 
The composition of household incomes is further depicted in figure 6-1, which clearly 
demonstrate that crop production constitute the most important source of income in 
this dryland district. Ironically, the role of livestock production as a source of income 
was low, despite the fact that the study area lies in livestock designated agricultural 
zone. 
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Figure 6-1 Variation in main sources of household income across the study case study groups 
Regressions on non-farm incomes were insignificant leading to the conclusion that 
determinants of non-farm incomes in the intervention groups under study could not be 
identified with the available variables; and certainly, none of the interventions had 
significant impact on non-farm incomes.  
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The observation prompted the analysis of the impact of the interventions on the two 
income sources combined (aggregate income).  
 
6.3.3 Determinants of aggregate income 
Per adult equivalent of aggregate income for each intervention was regressed on the 
age and education level of the household head, cropped area, household size, number 
salaried household members, dummy participation and probability of participation; 
the factors hypothesised to significantly influence it. The factors expected to exert 
positive influence on the level of mean aggregate income were the level of education 
and the dummy for participation. The figures in table 6-4 are the summary of the 
linear regression of aggregate household income.  
 
Table 6-4 Determinants of mean aggregate income (standard errors in parenthesis) 
 
N 
MAP 
361 
ICRISATP 
377 
CBNP 
484 
K-REP 
473 
Irrigation 
312 
Constant 10.2*** 
(0.34) 
0.08** 
(0.04) 
0.58** 
(0.28) 
0.03 
(0.03) 
0.307 
7.1*** 
0.61 
10.6*** 
(0.25) 
0.12** 
(0.03) 
0.05 
(0.12) 
-0.22 
(0.22) 
0.265 
4.5*** 
0.55 
10.1*** 
(0.32) 
0.14*** 
(0.04) 
- 0.31 
(0.25) 
0.42 
(0.32) 
0.296 
5.2*** 
0.57 
10.4*** 
(0.26) 
0.09*** 
(0.03) 
0.44*** 
(0.16) 
-0.12 
(0.25) 
0.322 
6.2*** 
0.48 
10.5*** 
(0.29) 
0.10*** 
(0.03) 
0.46*** 
(0.16) 
0.69** 
(0.27) 
0.364 
6.9*** 
0.51 
 
Household size (adult equivalents) 
 
Dummy participation  
 
Probability participation  
 
R2 adjusted 
F –statistic 
SEE 
 
Note: ***, **,* denote statistical significance at 99, 95 and 90percent CL, respectively.  
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The results show that the size of the household had significant positive influence on 
the aggregate household income, probably due to the contribution in terms of sales of 
labour, in casual (wages) and salaried employment. The age and education level of the 
household head had no significant effect. As expected, intervention participation had 
positive effects in the MAP, (P<0.01), K-REP and Irrigation interventions; and no 
significant effects for either ICRISATP or CBNP.  
The observed impacts of MAP, K-REP and the Irrigation interventions on aggregate 
income of households suggest that the interventions could have positive impact on 
household food security, owing to the strong link between household income and food 
consumption. The next section presents results of the empirical analysis to identify the 
determinants of household food security status. 
 
6.3.4 Determinants of household food security status 
The results in table 6-5 show the average energy availability used as a measure of 
food security. The main source of energy was maize (72 percent) and beans (12.8 
percent). Traditional drought resistant foods (millets, cow peas, pigeon peas, cassava 
and sweet potatoes) occupied marginal importance. The consumption of some like the 
cassava, sweet potatoes and fruits was so insignificantly low it was not included in the 
computation.  
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Table 6-5 Mean daily energy availability (kcal/ per adult equivalent) from the main 
food sources 
 
N 
MAP 
29 
ICRISATP 
25 
CBNP 
28 
KREP 
29 
Irrigation 
23 
Control 
57 
Total Percent 
energy  
Maize grain 
Maize flour 
Beans  
Pigeon peas 
Cow peas 
Millets  
Meats (goat) 
Poultry 
Milk  
Added fats  
Added sugar 
1726 
550 
427 
126 
146 
44 
22 
18 
36 
45 
37 
1405 
402 
362 
185 
121 
35 
5 
4 
31 
39 
21 
1266 
335 
275 
93 
85 
32 
8 
9 
21 
38 
25 
1244 
692 
219 
98 
189 
33 
5 
7 
29 
37 
20 
1566 
684 
371 
134 
186 
43 
24 
18 
24 
44 
23 
1669 
438 
348 
71 
73 
36 
10 
8 
18 
25 
20 
1411 
525 
344 
121 
133 
39 
13 
11 
27 
40 
24 
52.5 
19.5 
12.8 
4.5 
4.9 
1.5 
0.5 
0.4 
1.0 
1.5 
0.9 
Total  3177 2610 2187 2573 3117 2716 2688 100.0 
 
In table 6-6, the food security parameters of the interventions are compared with those 
of the control group. Only the participants from the MAP and the Irrigation groups 
had mean daily availability levels which were significantly higher than those of the 
control group (P<0.01), suggesting impact on household food security.  
All the intervention groups (besides CBNP) had mean daily energy availability levels 
which were above the FAO’s recommended minimum supply level (2250 kcal/capita 
per day), suggesting high food security status. However, the mean food insecurity 
index of the groups reflected the differences in the mean energy availability. 
Participants in the MAP and the Irrigation intervention had significantly (P< 0.01) 
low food insecurity indexes (0.11 for MAP and 0.13 for the Irrigation), suggestive of 
strong impact. The food insecurity indexes of the other interventions were 
disconcertingly low, even lower than those of the control group (for the CBNP), 
suggesting lack of impact on household food security.  
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Table 6-6 Statistical comparison of the means of household food security parameters 
for interventions and control groups (standard deviations in parenthesis)  
 
N 
MAP 
29 
ICRISATP 
25 
CBNP 
28 
K-REP 
29 
Irrigation 
23 
Control 
57 
       
2716 
(617) 
 
0.44 
(0.25) 
 
0.48 
(0.509) 
Mean daily 
energy 
availability(kcal/ 
adult equivalent) 
Market 
dependency 
index 
Food insecurity 
 index 
 
3117*** 
(708) 
 
0.43 
(0.19) 
 
0.11** 
(0.309) 
 
2610 
(681) 
 
0.44 
(0.18) 
 
0.52 
(0.476) 
 
2187 
(850) 
 
0.41 
(0.18) 
 
0.67** 
(0.460) 
2573 
(1083) 
 
0.45 
(0.21) 
 
0.55 
(0.483) 
3177*** 
(738) 
 
0.33* 
(0.29) 
 
0.13*** 
(0.344) 
Note: Food insecurity range from 0 (= 100 percent food secure) to 1(= 100 percent food insecure). 
Market dependency index range from 0 (= 100 percent food supplied by farm production) to 1(= 100 
percent food supplied by purchases from the market). 
 
Whether the observed differences in mean energy availability and food insecurity 
indexes could solely be attributed to participation in the interventions was tested by 
the linear regression whose results are shown in table 6-7.  
The results indicate that the size of the household had negative influence on energy 
availability in all the interventions (P<0.05), besides K-REP. Similarly, the market 
dependency index had strong negative effect in all the interventions (P<0.01) which is 
attributable to the effect of food rationing in the dry months. The effect of 
participation varied across the intervention groups. As expected, participation in the 
MAP had a positive effect (P<0.1). Participation had no significant effect in 
ICRISATP; while as expected, participation in the CBNP had negative impact 
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(P<0.05). Participation had unexpectedly no significant effect on energy availability 
within the K-REP but had significantly positive influence for participants of the 
Irrigation (P<0.01).  
Energy availability for participants within the CBNP was positively influenced by the 
probability of participation (P<0.05). The effects of the household and farm 
characteristics, age, level of education and cropped area were not significant. The 
reasons for this observation and of the other observations are discussed in the next 
section. 
 
Table 6-7 Determinants of per adult equivalent daily energy availability (standard 
errors in parenthesis) 
 
N  
MAP 
361 
ICRISATP 
377 
CBNP 
484 
K-REP 
473 
Irrigation 
312 
Constant 3304*** 
(371) 
-109*** 
(40) 
-1177*** 
(281) 
454* 
(268) 
121 
(306) 
0.359 
7.9*** 
0.67 
3702*** 
(361) 
-95** 
(37) 
-1294*** 
(278) 
572 
(758) 
-1287 
(1798) 
0.312 
7.1*** 
0.71 
3541*** 
(419) 
-142*** 
(48) 
-1359*** 
(323) 
-773*** 
(268) 
751** 
(344) 
0.298 
6.7*** 
0.78 
3539*** 
(485) 
19 
(51) 
-1569*** 
(354) 
40 
(238) 
272 
(384) 
0.230 
4.2*** 
0.88 
3856*** 
(342) 
-87* 
(34) 
-1334*** 
(234) 
479*** 
(166) 
-46 
(292) 
0.460 
10.6*** 
0.69 
 
Household size (adult 
equivalents) 
Food market dependency 
 ratio  
Dummy participation  
 
Probability  participation 
 
R2 adjusted 
F –statistic 
SEE 
Note: ***, **, * denote statistical significance at 99, 95 and 90 percent level of confidence, 
respectively. 
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6.4 Discussions 
6.4.1 Intervention participation and farm productivity 
It was surprising to observe that participation in the MAP intervention did not have 
significant impact on mean farm productivity, considering the fact that its participants 
had adequate access to quality seeds and market for produce (chapter five) which 
have potential for raising farm productivity (Odhiambo et al., 2004). The reason could 
be attributed to poor rains in the years following the implementation of the 
intervention (annex 5-1). With insufficient rainfall, the available resources could not 
be transformed into outputs that could differentiate MAP participants from non-
participants. It shows that the two strategies were insufficient to counter the effect of 
drought, the main culprit of low farm productivity in the drylands (Nyariki et al., 
2002; Tiffens, 2002).  
The ineffectiveness of ICRISATP and the CBNP were expected due to weaknesses in 
the intervention design as explained in chapter four and five; where participation in 
the interventions only led to adequate access to improved crop technology. Another 
factor that may have undermined impact of the interventions is poor availability of 
rainfall. Respondents reported (annex 5-1) that they had not received sufficient 
rainfall since three years prior to the data collection for this analysis. The results 
suggest that future interventions should be designed with minimal expectation of 
rainfall.  
The observed significant impact on farm productivity for the participants of the K-
REP was probably because some of its participants had significant access to irrigation 
and credit services (shown in chapter five). Both resources could have facilitated all-
year round production of vegetables which have relatively better market value. K-
REP farmers also receive higher yields than the rest of the locations when rains are 
fair (personal observation by the researcher). The reason for this is not clear but may 
relate to farm characteristics (land size and quality).  
The significantly strong impact of the Irrigation on farm productivity concurs with 
findings of other studies (e.g. Bryceson, 2001; Narayanamoorthy, 2001; Nzomoi et 
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al., 2007; GoK, 2008). It is attributable to the intervention’s effectiveness in access to 
complementary resources (indicated in chapter five).  
The observed different impacts of the five interventions echoes the conclusion by 
Ruthenberg (1980) that farm productivity under small scale does not experience 
significant growth unless all the conventional production resources (production 
inputs, credit and markets) have been provided for. In connection to this, Scherr and 
Hazell (1994) cautioned that strategic use of limited resources in the drylands was 
better than simple provision of inadequate levels of conventional resources. 
Unfortunately, the interventions in Makueni tended to provide several conventional 
resources, and neglected to focus on the key constraints: irrigation and markets. 
The results led to the conclusion that improving farm productivity in the drylands is 
not only a matter of the intervention designs, but also the strategies used. To this 
effect, the immediate future for improving farm productivity in Kenya’s drylands lies 
in harnessing irrigation, the supply of associated inputs and market systems. The 
observation encourages the current plan of the Kenyan government to rehabilitate 
existing irrigation schemes and expand the irrigated area for both cash and food crops 
to a target of one million hectares by 2012 (GoK, 2008). 
In the long term however, dependence on irrigated farming in the drylands may not be 
a sustainable strategy. Already extreme weather conditions associated with climate 
change is reportedly going to reduce food supply and access, and push millions to 
food insecurity (FAO, 2008). Already, recurrent severe droughts in several countries 
in Africa (Kenya included) has led to projections that by 2020, 75 -250 million people 
will be exposed to extreme water stress in Africa (Cohen et al., 2008). In the study 
area, respondents in the Irrigation intervention reported seasonal water rationing due 
to drought as a major disruption to production. This affects production levels and the 
ability to procure supply contracts, hence reducing levels and stability of farm 
incomes. Furthermore, access to domestic water supply was the highest regarded 
intervention strategy in the study area (chapter four, section 4.3); which expresses the 
water stress in the area. Other strategies for raising farm productivity in the drylands 
need to be identified. Crop diversification including use of drought resistant 
traditional crops has long been advocated for (e.g. GoK, 2001). But effectiveness of 
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such strategies in the Kenyan drylands has been undermined by changing attitudes, 
and food preferences (OCHA, 2008). Strategies that conserve the natural resource 
base – terracing, mulching and reforestation, which were advocated in the MAP 
intervention, may in combination with traditional crops provide long-term solutions. 
 
6.4.2 Intervention participation and non-farm income 
The results of the regression analysis on non-farm incomes showed that participation 
in all the interventions had no significant effect. The observation was unexpected for 
the K-REP which was highly dependent on non-farm income (53.3 % of total 
income); and was effective in the supply of credit and in development of SMEs (as 
was shown in chapter five). The services were expected to lead to business 
improvements and eventually to improved non-farm incomes; following positive 
impacts of microfinance interventions (e.g. Duft and Sudhaham, 2004).  
The results for K-REP could be explained by combination of factors. The first is the 
duration of participation. According to Duft and Sundhaham, (2004), the impact of 
microfinance depends on the duration of participation. Participation of an average of 
four years is expected to lead to significant impact. By the time of data collection, the 
K-REP was in existence for about 3 years. The relatively short participation period 
may have affected impacts of the intervention. The results could also be explained by 
what Humberstone and Singer (2006) refer to as lack of complementary services. 
They argue that credit alone without complementary services (related to poverty) such 
as housing, medical and funerals expenses may not have maximum impact in Africa. 
This is due to presumed diversion of credit to these more pressing needs, rather than 
in productive purposes. Other reasons were poor management of local financial 
groups, marginalization of some participants and small loan amounts, as reported by 
the participants (see annex5-2 in chapter five). The last two argument draw validity 
from a specific study on K-REP (Northern Kenya) in which the mean loan amounts 
were reportedly too small (Ksh 4,800, US$ 48) to provide investment sufficiently 
profitable to service the high interest rate (10 percent). Most (over 40 percent) of K-
REP loans were for this reason, directed on consumption purposes (Osterloh, 2001). 
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This observation in northern Kenya was mirrored in Makueni, and suggests that K-
REP (and perhaps other microfinance institutions) needs to revise the design to make 
credit services more beneficial to the target community.  
The observation for K-REP also shows that intervention in microfinance alone is not 
sufficient to significantly raise non-farm income of dryland households. Towards this 
end, monitoring the management of credit should also be the concern of microfinance 
interventions. This calls for review of the design of the K-REP intervention. 
Suggestions include revision of the loan amounts, interest rate and the terms of 
repayment. Considering that agriculture is the mainstay of the study area, K-REP may 
consider harnessing loan repayments with the production cycles (see Jayne et al., 
2004). 
This far, only the Irrigation intervention had ventured into, but cautiously only on 
high-value crops. Just as the other interventions (MAP, ICRISATP, CBNP), the 
Irrigation intervention had no objectives for developing non-farm incomes and 
consequently, there was no impact at this level. 
 
6.4.3 Intervention participation and household aggregate income 
Regression results on analysis of the determinants of aggregate income showed that 
the size of the household had a positive influence. The observation concurs with what 
is often found in Africa’s drylands, that lager households make good use of their 
labour (Becker, 1990; Kremer and Lock, 1993). Earnings from those engaged in 
wage, salaried, business and farm employment add up to significantly raise the 
average income level of a household. Not surprising therefore that participation in the 
MAP, which had shown insignificant impact on farm and non-farm incomes, 
registered significant impact when the two incomes were combined. The observation 
confirms the existence of a dual-economy in the drylands, where without irrigation, 
farm production fluctuates greatly and non-farm income constitutes essential 
supplementary sources of livelihoods (Canagarajah et al., 2001).  
The lack of impact by the ICRISATP and the CBNP could be explained by the 
observed ineffectiveness in both resource access leading to significantly low farm 
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productivity and non-farm income. The interventions were too limited in the scope 
operational objectives. Integration of strategies is important for impact (European 
commission, 2000) For K-REP and the Irrigation interventions, the results were 
expected due to the already observed impacts in farm productivity. It supports the 
common argument that farm production remains the major source of income in rural 
Kenya (Kimalu et al., 2002; Nyangito et al., 2004; Nzomoi et al., 2007). 
 
6.4.4 Participation in interventions and food security status  
The regressions results to identify the determinants of household energy availability 
showed that only participation in the MAP and Irrigation had positive and significant 
impact. For the Irrigation, the observation was explained by significant impact of the 
intervention on farm productivity. For MAP, the Impact was attributable to the 
combined effect of moderately high farm productivity and non-farm income values. 
The lack of impact by the ICRISATP and the CBNP participants could be traced to 
the observed lack of impact on both farm and non-farm incomes of the participants.  
Studies show that interventions similar in objective to the CBNP were effective when 
complementary strategies such as nutrition education, agricultural extension and 
Irrigation were sufficiently integrated (see Laurie and Faber, 2008). Dollahite et al., 
(2003) also report decreasing food insecurity with increasing lessons in nutrition 
education among low-income households in America. It must be noted here that the 
American socio-economic context is different from third world context. The impact of 
nutrition education clearly depends on the social, natural and economic aspects 
defining the vulnerability context as stated in IFAD, 1997 and European Commission, 
2000). For the CBNP, the effects of drought must be sufficiently addressed. 70 
percent of the respondents in the intervention reported drought as the main reason 
they did not achieve the expected benefits of participating in the intervention (see 
figure 5-2 in chapter five). 
The failure of participation in K-REP to demonstrate significant impact on energy 
availability was surprising, considering that the intervention showed significant 
impact on farm productivity and aggregate incomes. It could be attributed to the 
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relatively higher vulnerability to drought-induced crop failure in the area where K-
REP is placed. Even though yields can be high in years of good rainfall, the later are 
rare. Households in the location (LM5/6) have to depend on the market for supply of 
the staple grains more frequently and for a longer period than the other locations in 
the district (based on knowledge from the researcher). The argument was also 
indicated by the food market dependency index which was observably higher for K-
REP than for the other intervention groups (table 6-1). Table 6-8 also show that 
energy availability in K-REP was more affected by this index than in the other 
interventions (the coefficient is significantly larger). Another reason for lack of 
impact by the K-REP could be what was mentioned earlier, diversion of credit to non-
food needs. Muyanga (2004) and Humberstone and Singer (2005) argue that non-food 
needs pose a threat to the food budgetary allocation, particularly among households 
with limited finances. Yet, another explanation could be gender differences. Kandker 
(2004), for example condition impact of microcredit on household food access to 
participation of women; stating that women loan clients are more concerned about 
food issues than their male counter parts. The denominator of these factors is 
inadequate income by the K-REP participants to meets food needs above other basic 
needs. This is confirmed by figure 6-1 which shows the aggregate income for the K-
REP to be much lower than that of the MAP or the Irrigation which had significant 
impact on energy availability. 
Participation in the Irrigation intervention had relatively high impact on energy 
availability, attributable to the intervention’s impact on farm productivity. Not only 
were participants presumably able to access food from the market using revenues 
from exported horticultural produce, but were able to grow some for domestic use (as 
reported by a respondent during the interview for this study). Similar success stories 
have been reported in India (Narayanamoorthy, 2001) and China, (FAO, 2003a). 
A general observation across the total sample was the tendency of the energy 
availability to follow Engel’s law (figure 6-2). Energy availability is very elastic at 
low levels of income, declining at higher levels (Deaton, 1997).  
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Figure 6-2 Interaction between mean daily energy availability and income  
 
The observation is expounded by IFAD (1997) and Deaton, (1997) who argue that the 
level of income, even if combined with the concepts of home-produced food supply 
and food market dependency, as has been done in this research, would still not be 
fully sufficient to characterize household food security in its complexity. 
Understanding the effects of non-food requirements of households is also important. 
Under uncertainty as experienced in the drylands, investment for future consumption, 
such as purchase of livestock and education of children (Mbogoh, 2000) may take 
precedence over food consumption above what could be locally “perceived” as 
basically adequate energy level. 
An important feature of figure (6-2) is concentration of energy availability (2000-
3000 kcal/day) at mean income levels below Kshs 3,000 (US$ 40). This could be 
termed as the threshold monthly income, required to raise mean energy availability to 
the FAO’s daily recommended minimum of amount of 2250 kcal per person. The 
income level coincides with the threshold level required for an individual in rural 
Kenya to exit transient and chronic poverty (Muyanga et al., 2007); and also agrees 
with the rural poverty line for Kenya (GoK, 2000). It suggests that interventions 
aiming at improving household food security should attain this level, to have 
significant impact. For an average household (with five adult equivalents – table 5-1), 
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the threshold income translates to Kshs 15, 000 (or $ 2000) per month (= Kshs 
180,000 per year). In this research, only the participants of the MAP and the Irrigation 
interventions were able to achieve this level of aggregate income as demonstrated in 
figure (6-1); and only they had significant impact on household food security. 
 
6.5 Conclusions 
The objective of this chapter was to test the sub-hypothesis (H5a and H5b) that 
interventions which were effective in enhancing access to farm production resources 
(MAP and Irrigation) or resources for improved non-farm income (K-REP) would 
have significant impact on farm productivity and non-farm incomes, respectively. A 
further hypothesis was that the improvement in both farm productivity and non-farm 
incomes would lead to improvement in the food security status of the participating 
households. The results of the interventions are summarized in table 6-8. 
 
Table 6-8 Summary of the impacts of the interventions 
Intervention Intervention type Impact on 
 farm  
productivity 
Impact on  
non-farm 
income 
Impact on 
aggregate 
income 
Impact 
energy 
availability 
 
MAP Integrated water, 
 agriculture & health  
No No Yes Yes 
ICRISATP Technology innovation 
(crop) 
No No No No 
CBNP Capacity building 
 (nutrition) 
No No No No 
K-REP Credit & finance Yes No Yes No 
Irrigation Irrigation Yes No Yes Yes 
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The ineffectiveness of the MAP, in raising farm productivity of the participants 
indicated that the strategies affected by the intervention were not sufficient to raise 
farm productivity. Similarly, the K-REP’s lack of impact on non-farm income despite 
being effective in development of SMEs and extension of credit led to the conclusion 
that the strategies were also insufficient. Participation in the Irrigation intervention in 
which significant impact was shown on farm productivity indicated that sufficient 
access to complementary resources was essential for significant improvements in farm 
productivity. The complementary resources were access to irrigation, inputs 
(including credit) and market for produce. Food security interventions aiming to raise 
household farm productivity in the drylands should therefore consider sequencing of 
production resources. Based on the findings of the research, participatory 
identification of “special market niches” and organization of the community for 
production through the supply of credit for inputs, irrigation and technical advice as 
well as assistance in the marketing process is a relevant intervention strategy. 
Strategies for enhancing non-farm income remain elusive as none of the interventions 
had significant impact. Considering that most of non-farm income came from 
earnings from wages and trading (small businesses), promotion of SMEs through 
training and credit were relevant strategies. Evidently, microfinance did not have 
significant impact, as designed within the K-REP intervention. K-REP should 
consider revision of the intervention design through improvement of the loan amounts 
and terms of advancement and repayment. Further, integration of other services such 
as supervision of credit and marketing of produce as was evidenced in the Irrigation 
could enhance impact. As stated in the previous section, intervention objective should 
aim at raising household aggregate incomes at least to the level of the relative poverty 
line. 
The results from analysis of intervention participation and energy availability in 
which only the Irrigation intervention had clear impact stressed the significance of 
irrigation for dryland food security. It shows that households can attain food security 
without integrating farm productivity and non-farm objectives; hence rejection of the 
research hypothesis (H6). Without irrigation though, significant observation from the 
MAP intervention on household energy availability indicated the significance of 
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integrating both farm productivity and non-farm income-enhancing strategies, 
possibly at. The MAP had relatively moderate levels of farm productivity and non-
farm incomes and had moderate impact on the food security status, compared to the 
ICRISATP, CBNP and K-REP. Emerging strategies from the MAP were: 
• Improvement in the level of education of the rural community to raise 
chances of non-farm employment (salaried); 
• Promotion of extensive farming practices (terracing, mulching, seed 
banking, reforestation, water catchments, etc). 
The level of education in Kenya is strongly correlated with higher incomes and food 
security (Nyariki te al., 2002). The government should therefore focus on creating 
formal employment opportunities in the drylands. Extensive farming practices based 
on crop diversification, water harvesting and conservation of natural resources (water, 
soils and forests) can help enhance food availability, but is insufficient as shown by 
the MAP intervention. 
Even though the main research hypothesis was rejected, the implication of the 
combined findings from all the interventions to food security in the dryland is 
integration of the double objective presented in the conceptual model of this research 
(section 2.3 of chapter two); and with the objective of raising household aggregate 
income at least to the poverty line. Evidently, focus on either farm productivity or 
non-farm incomes alone is insufficient; unless conditions as found in the Irrigation 
intervention are fulfilled: access to irrigation and markets Even in areas with 
irrigation, non-farm income generating activities are necessary to spread risks 
associated with market uncertainty and water supply. As discussed in section 6.3 of 
this chapter, the last concern has become critical in recent years due to frequent 
droughts associated with climate change. Stress in water supply has led to rationing 
for irrigation along some rivers 
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7 Efficient food security interventions for the drylands  
“A farmer should live as though he were going to die tomorrow; but farm as if he 
were going to live forever” (Evans, 1966). 
 
Abstract 
The above statement from Evans (1966) admonishes farmers to be self-determined in 
pursuit of livelihoods, and to do so with caution- in sustainable use of the natural 
resources upon which the current and the future generations depend. One way to 
conserve resources is to use them efficiently. This study chapter appreciates the role 
of intervention in building the capacity of farmers to be efficient resource users. The 
technical efficiency of the interventions (MAP, ICRISATP, CBNP K-REP and 
Irrigation) was analysed using DEA technique. Farm -level average technical 
efficiencies for each of the interventions were computed and the determinants 
identified using Tobit regression. The results showed that the mean technical 
efficiency scores were highest in the Irrigation intervention. Technical efficiency was 
also significantly influenced by participation in the intervention. The findings led to 
the confirmation of the previous chapter that harnessing irrigation and markets (input, 
credit and produce) should be within objective priority each food security intervention 
in the drylands The levels of the efficiencies were nonetheless low and led to 
recommendation for strategic training of farmers on optimal ways for allocating 
available resources. 
 
7.1 Introduction 
Rural households in the drylands of Kenya suffer from resource constraints, which 
result in low farm productivity, non-farm incomes and consequently, high food 
insecurity levels (Nyariki et al., 2002; Muyanga, 2004). In the light of this, the 
rationale for intervention has been improvement in access to productivity-enhancing 
resources, such as soil amendments, irrigation, improved crop technologies and 
markets (GoK, 2001). However, improvement in the efficiency with which 
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households use the available resources is as important (Scherr and Hazell, 1994; 
Abdulai and Huffman, 1998). Understanding how interventions influence the farm 
efficiency of dryland farmers is important for formulation of future interventions; and 
in strategising the allocation of scarce resources towards sustainable household food 
security. Abdulai and Hazell (1998) in particular stress the role of markets in 
signalling for the allocation of the factors of production. By implication, intervention 
in the input, credit and output market sectors could enhance the efficiency of small 
farms. 
Relevant studies have been limited to investigating the role of national policies, such 
as agricultural subsidies on farm efficiency (e.g. Bezlepkina and Oude Lansink, 
2006), the effect of farmer characteristics (e.g. Binici et al., 2006) and of agricultural 
research and technology development (Hartwich and Oppen, 2006). 
The present chapter focuses on analysing the role of food security interventions in the 
efficiency of small farms; the first study of the kind. In the previous chapter of this 
research, it was shown that participation in some interventions (the MAP and the 
Irrigation) had significant impacts on household food security, which was attributable 
to improved access to resources (mainly production). The objective of the analysis in 
this chapter is to determine whether the interventions were also significantly superior 
in the efficiency with which the participants use production resources. Positive results 
provide empirical evidence of suitable food security interventions for the drylands, 
Kenya in particular. The results would also reflect the efficiency of the interventions. 
Presumably, only economically efficient interventions could lead to technically 
efficient farms. 
The approach of relating the efficiency of interventions to that of participating 
households was an initiative of this research; and is contrast to the traditional 
methods. The methods measure the efficiency of interventions in economic terms 
using the cost-benefit, cost-effectiveness analysis and the Internal Rate of Return 
(IRR) which measure the efficiency with which resources are used at the management 
level of the intervention. The traditional methods are accused of being summative, 
and do not indicate how the interventions could be improved (Rossi, 1982). Besides, 
they do not address the concern of resource scarcity at the beneficiary level, where 
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food insecurity is experienced. To highlight on how the use of resources could be 
improved at farm level, process-oriented analytical techniques such as the production 
function (see Echevaria, 1998; Bezlepkina and Oude Lansink, 2006) and the data 
envelopment analysis (DEA) (see; Binici et al., 2006; Speelman et al., 2008) are 
applied.  
The DEA technique was preferred for the present analysis because it is non-
parametric and does not require assumptions on the functional form (Binici et al., 
2006; Speelman et al., 2008). Furthermore, it has the ability to accommodate multiple 
outputs and inputs and take into account returns to scale, allowing for the concept of 
decreasing/increasing efficiency based on outputs (Raju and Kumar, 2006). In 
addition, the construction of a surface over the data allows for comparison of one 
farm with another (Haji, 2006). The disadvantage lies in its sensitivity to the selection 
of input and output variables, in the sense that if there is no relationship, DEA views 
each farm as unique and fully efficient, resulting in the loss of the discriminating 
power (Thiam et al., 2001). Despite this weakness, DEA is widely applied in the 
analysis of technical efficiency (e.g. Binici et al., 2006; Speelman et al., 2008). 
Besides, studies have shown that DEA results are highly correlated with those from 
the production function (see. Thiam et al., 2001; Alene and Zeller, 2005).  
In this chapter, DEA was used to estimate the technical efficiency of farms within the 
different interventions, identify the determinants and hence the efficiency effects of 
participation in the different interventions.  
The chapter is organized in five sections. In the next section, the methodology used is 
explained while section three is on results, four on discussions and section five gives 
the conclusions.  
 
7.2 Methods and data 
Most analyses using DEA usually involve two steps (Amos, 2008; Speelman et al., 
2008). In the first step, DEA is used to calculate technical efficiency scores of farms 
(Fraser and Cordina, 1999). In the next step, a Tobit regression is run on the technical 
efficiency scores to identify the determinants (Reig-Martinez and Picazo-Tadeo, 
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2004). The second step is based on the consideration that technical efficiency is 
influenced by both farmer (and farm) and institutional characteristics; allowing to 
deduce the aspects of the farms’ resources requiring intervention for improvement 
(Binam et al., 2003; Chavas et al., 2005). In essence, it is estimation of a second-stage 
relationship between the efficiency measures and its suspected correlates (Chavas et 
al., 2005; Barnes, 2006). 
The two-step analysis was applied in this chapter to identify efficient food security 
interventions.  
 
7.2.1 Estimation of technical efficiency  
Data Envelopment Analysis (DEA) was used to determine the technical efficiency 
with which individual farmers transform input resources into outputs. Technical 
efficiency developed from the seminal work of Farrel (1957) refers to the ability of a 
farm to maximize production of output from a given level of inputs, or minimize the 
amounts of inputs to produce a given level of outputs; the so called output efficiency 
and input efficiency models, respectively (Dhungana et al., 2004; Coeli et al., 2002). 
The technical efficiency is further decomposed into scale efficiency which relate to 
the most efficient scale of operation in the sense of maximising average productivity, 
and pure technical efficiency obtained by separating the scale effect from the 
technical effect (Coeli et al., 2002). 
The DEA analysis here is based on the input model in which linear programming is 
used to construct a non-parametric piece-wise frontier around the data (Hartwich and 
Oppen, 2006). Pareto efficiency measures are calculated for each farm unit based on 
the inputs and outputs. It is obtained when no input can be reduced without reducing 
the output (Charnes et al., 1995). DEA analyses input-output relationships under the 
assumption of constant returns to scale (CRS) and variable returns to scale (VRS) 
(Fare et al., 1994). Within the notion of scale efficiency, if a farm becomes inefficient 
with respect to VRS, it can increase its operations until it is efficient under CRS. 
Henceforth, technical efficiency can be improved by changing the technology, as 
increased amounts of inputs do not proportionally increase the amount of outputs 
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(Fraser and Cordina; 1999; Hartwich and Oppen, 2006). DEA derives technical 
efficiency scores for each unit (farm) analysed on a scale between technically not 
efficient (close to 0) and technically efficient (close to 1). The scores are relative as 
they are based on a frontier whose estimation refers to the best performing units 
within the data set and hence reflects the best existing practice; assuming that it is 
feasible for other units to attain this efficiency (Hartwich and Oppen, 2006). 
It is due to this assumption that this analysis was based on pooled data for all the 
intervention groups, so that the efficiencies of the farms are determined based on one 
frontier, permitting comparison. With this respect, the efficiency of individual farmers 
was assumed to reflect the efficiency of the intervention in which the farmer 
participated. This argument is supported by claims (Sadoulet and Janvry, 1995) that 
efficient households in resource allocation are responsive to incentives from economic 
or policy interventions. This is because factors of production move to activities where 
they earn the highest returns. Deviations from utility maximizing behaviour would 
therefore suggest that there are barriers to free movement of resources. Such barriers 
reflect market imperfections (Sadoulet and Janvry, 1995). In this study, they would 
suggest inefficiency of interventions. The mean of the efficiency scores of the farmers 
in an intervention was considered as the technical efficiency of that intervention.  
The DEA analytical model is depicted by the following input-oriented double 
algebraic expressions 7-1 and 7-2 for computation of constant returns to scale and 
variable returns to scale efficiencies, respectively (Hartwich and Oppen, 2006; Binici 
et al., 2006 ): 
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         Equation 7-1 
 
Where, θi is the technical efficiency score for farm i to be estimated, with a value 
between 0 and 1. The value of I indicates that the farm lies on the envelopment 
frontier, and is technically efficient. λi is n - dimensional constant to be estimated, 
farm i’s weight used to develop the composite efficient based on all farms in the 
sample (Binici et al., 2006). The performance of farm i is measured against the 
composite farm. Yi is the output produced by farm i; Xi, j is the amount of input j used 
by farm i; i indicates the n different farmers in the data set; j indicates the number of 
input variables. The first constraint states that the output associated with the 
composite farm is at least as large as that of farm i The second constraint states that 
the weighted average of inputs ( associated with the composite farm is not 
larger than the amount of input j used by farm i. Similar explanation applies for the 
expression (7-2) for estimating variable returns to scale: 
 
 
 
 
 
      
Efficient interventions 
162 
 
 
Equation 7-2 
 
The models were run for with cross-sectional data from 191 households pooled from 
the five the intervention groups, and a control. The input variables were the size of the 
household as proxy for labour, landholdings for land and the farm expenses for 
capital. These are the primary factors which influence farm productivity in Kenya 
(Odhiambo et al., 2004), the output variable. The data was obtained from direct 
questionnaires to households. 
 
7.2.2 Identification of the determinants of technical efficiency 
To identify the determinants of technical efficiency, a Tobit model is often used based 
on the fact that the technical efficiency dataset is censored (Greene, 2000). The Tobit 
model estimates are based on the principle of maximum likelihood (Verbeek, 2000). 
The Tobit regression was used to identify how intervention participation and other 
factors influence the CRS and VRS efficiency of the farmers. Two separate 
regressions were therefore run based on equation 7-3, using LIMDEP (version 8) 
(Green, 2002): 
 
    Equation 7-3 
=  if 0 < ; 0 if < 0 ;  1 if >1 
Where  is the DEA efficiency index used as the dependent variable; Z is a vector of 
independent variables relating to attributes of the farmers (or farms) and interventions.   
The variables were specified thus: CRS and VRS technical efficiency as the 
dependent variables, characteristics of farmers (age and education level of the head of 
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the household; the cropped area and the size of the household), dummy for 
participation in the interventions and the probabilities of participation as explanatory 
variables. Since selection to participation and technical efficiency of farms may be 
endogenous, each Tobit regression was run in two steps, using two separate models: 
one for determination of intervention participation and the other for efficiency. In the 
first step, the model for participation was estimated and the residuals, the probability 
of participation were saved (see chapter five for explanation on this or Ravallion, 
2001). In the next step, the Tobit regression was estimated using the above specified 
variables, plus the probability of participation.  
Age was expected to have a positive effect due to stock of experience which 
positively enhances productivity. Empirical relationship between cropped area and 
technical efficiency are also mixed. There are reportedly negative effects (Townsend 
et al., 1998), positive effects (Iraizoz, 2003; Speelman et al., 2008) and inconclusive 
observations (Binici et al., 2006). Similarly, the size of the household was expected to 
show negative effect on technical efficiency. Speelman et al., (2008) report negative 
but insignificant effect. But the level of education was expected to positively 
influence technical efficiency owing to what Lockheed (1980) calls farmer’s stock of 
human capital. Arguably, the higher the stock of human capital, the greater is the 
ability to organize the factors of production for efficient production. This argument 
has been supported by empirical studies (e.g. Binici et al., 2006). Participation in the 
various interventions was expected to positively influence technical efficiency due to 
enhancement of the farmer’s human capital stock-through trainings. Participation in 
the Irrigation intervention was expected to demonstrate significantly higher effect on 
technical efficiency due to better productivity levels. A strong correlation exists 
between productivity and technical efficiency (Reig-Martinez and Picazo-Tadeo, 
2004). But different observations are possible based on previous studies. For example, 
negative correlations have been reported for Irrigation (e.g. Rosengrant and Pingali, 
1994; Rosengrant and Claudia, 1999). Finally, the variable probability of participation 
could have either effect on technical efficiency. Significant effects are interpreted as 
presence of unobserved factors that influence participation as well as technical 
efficiency (Ravallion, 2001). In this study, insignificant effect was expected. 
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Tables 7-1 and 7-2 give description of the variables used in the analysis of technical 
efficiency and Tobit regression, respectively. 
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Table 7-1 Variables used in the analysis of technical efficiency of the interventions 
(standard deviation in parenthesis) 
Project 
N   
MAP 
29 
ICRISATP 
25 
CBNP 
28 
K-REP 
29 
Irrigation 
23 
Control  
57 
Total  
191 
Inputs 
X1:Land holdings 
 (acres) 
X2:Household 
size(adult 
equivalents) 
X3: Farm 
 expenses (Kshs) 
Outputs 
Y: Farm 
productivity 
Kshs/acre/yr) 
 
5.2 
(4.5) 
4.2 
(1.3) 
13,031 
(13,444) 
 
15,687 
(26,785) 
 
4.1 
(2.5) 
4.6 
(4.6) 
1,920 
(1,173) 
 
7,541 
(8,733) 
 
 
3.3 
(1.5) 
5.7 
(1.7) 
8,205 
(10,018) 
 
7,501 
(331) 
 
 
7.5 
(3.5) 
5.5** 
(1.5) 
15,344 
(12,060) 
 
11,600 
(9,154) 
 
 
2.0 
(1.6) 
3.9 
(2.1) 
21,523 
(15,133) 
 
97,101 
(76,073) 
 
 
3.6 
(2.2) 
4.3 
(1.8) 
3,783 
(5,096) 
 
6,795 
(3,884) 
 
 
4.1 
(3.3) 
4.6 
(1.9) 
10,545 
(12,365) 
 
24,370 
(20,826) 
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Table 7-2 Variables used in the Tobit regressions (Means with standard deviations in 
parenthesis) 
 
N 
Mean   Standard deviation   
Age (years) 
Education level (years) 
Household size 
(adult equivalents) 
46 
8.5 
4.6 
11.6 
3.0 
1.9 
 
 
Landholdings (acres) 
Farm expenditure (Kshs /year) 
Probability participation (0-1) 
Dummies for participation(0,1) 
MAP (N= 29) 
ICRISATP (N=25) 
CBNP (N=28) 
K-REP (N= 29) 
Irrigation (N=23) 
4.2 
10,545 
0.54 
3.2 
12,365 
0.26 
 
 
 
7.3 Results  
Table 7-3 shows the results of the DEA analysis, the number of efficient farms in each 
intervention and the mean technical efficiency scores for both CRS and VRS. The 
results show that the means for the CRS and VRS were statistically different between 
the intervention groups, indicated by the significant F-statistic, P< 0.01 and P< 0.05 
for CRS and VRS respectively. All the intervention groups had mean CRS efficiency 
scores that were less than those of the VRS, implying increasing returns to scale 
efficiency. This means that there is under utilization of resources and farms could 
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improve their efficiency by expanding the scale of operation (Hartwich and Oppen, 
2006). Furthermore, the mean technical and scale efficiency values were relatively 
low, which could be explained by the small number of efficient farms (n= 14), in the 
whole sample of 191 households. With respect to the individual intervention groups, 
the results showed that the Irrigation intervention was the most technically efficient (n 
= 8; VRS = 0.471). 
The mean scale efficiency was not statistically different between the interventions, 
and indicated that no particular farm or intervention had scale efficiency. 
 
Table 7-3 Results of the statistical comparison of mean technical efficiencies between 
the groups (standard deviations in parenthesis)  
Intervention  Number 
efficient 
farms 
CRS 
technical 
efficiency 
VRS 
technical 
efficiency 
Scale 
efficiency: 
CRS:VRS 
Type of returns 
to scale 
efficiency 
MAP (N=29) 0 0.126 
(0.101) 
0.193 
(0.147) 
0.800 
(0.175) 
increasing 
ICRISATP (N=25) 
 
CBNP (N=28) 
 
K-REP (N=9) 
 
Irrigation (N=23) 
 
Control (N=57) 
 
Total (N=191) 
1 
 
2 
 
1 
 
8 
 
2 
 
14 
0.147 
(0.129) 
0.089 
(0.069) 
0.063 
(0.058) 
0.365** 
(0.351) 
0.149 
(0.138) 
0.156 
(0.203) 
0.232 
(0.251) 
0.115 
(0.109) 
0.076 
(0.056) 
0.471** 
(0.354) 
0.283 
(0.316) 
0.217 
(0.269) 
0.794 
(0.216) 
0.839 
(0.189) 
0.763 
(0.201) 
0.770 
(0.204) 
0.726 
(0.255) 
0.790 
(0.208) 
increasing 
 
increasing 
 
increasing 
 
increasing 
 
increasing 
 
increasing 
F-statistic  45.10*** 45.13** 5.37  
** denotes that the mean was significantly different (Anova) 
 
A plot of the cumulative share of farms on the VRS technical efficiency depict the 
Irrigation intervention to have a distribution lying on the extreme right of the other 
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interventions (figure 7-1) The position shows that the intervention has relatively 
higher technical scores and further supports the suggestion that the it was the most 
efficient. The technical efficiency scores for the MAP, ICRISATP, CBNP and K-REP 
were concentrated on the lower categories indicating low levels of efficiency within 
the interventions (below 0.4). 
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VRS Technical efficiency scores 
Figure 7-1 Cumulative efficiency distribution for the intervention groups 
 
The results of the two Tobit regressions to identify the determinants of technical 
efficient are shown in table 7-4. The models were both significant, as indicated by the 
statistically significant LR Chi square statistic (P<0.01).  
The results show that only participation in the Irrigation had positive and significant 
effect on technical the efficiency (P<0.01). Participation in the MAP had significant 
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negative effect on the VRS (P<0.05); while participation in the rest of the 
interventions had also negative effect, though not statistically significant.  
 
Table7-4 Results of the Tobit regressions on CRS and VRS technical efficiency  
 CRS efficiency VRS efficiency 
Coefficient Standard error Coefficient  Standard error 
Constant 
Age (years) 
Education level (years) 
Landholding (acres) 
Household-size(adult equivalents) 
Farm expenditure (Kshs) 
Dummy participation 
MAP 
ICRISATP 
CBNP 
K-REP 
Irrigation 
Probability participation 
LR Chi2 (10) 
Pseudo R2 
0.306 
0.000 
0.007 
-0.073*** 
-0.159 
0.000 
 
-0.185 
-0.031 
-0.125 
-0.046 
0.415*** 
-0.016 
86.7*** 
0.477 
0.212 
0.000 
0.010 
0.018 
0.017 
0.000 
 
0.116 
0.093 
0.100 
0.128 
0.105 
0.150 
 
0.586 
0.002 
0.011 
-0.092*** 
-0.029 
-0.000 
 
-0.351** 
-0.155 
-0.290 
-0.272 
0.281** 
-0.120 
89.1*** 
0.387 
0.271 
0.004 
0.012 
0.021 
0.021 
0.000 
 
0.147 
0.119 
0.127 
0.166 
0.131 
0.90 
-Log likelihood ratio 47.44  72.5  
Note: ***, ** and * denote statistical significant at 99, 95 and 90 percent CL, respectively. 
 
The effects of household characteristics besides participation were minimal. The 
cropped area had significant negative influence on both the VRS and CRS technical 
efficiency (P<0.05). The effects of the age and education level of the head, as well as 
the size of the household were insignificant. The reasons behind the observed results 
are given in the next section on discussion. 
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7.4 Discussions  
The general observation of the results from DEA concur with observations made in 
South Africa which report low technical efficiency in small-scale farms, at increasing 
returns to scale (Speelman et al., 2008). They also agree with findings from other 
African countries. Alabi and Aruna (2006), for example report mean technical 
efficiency of 0.22 for poultry production in Nigeria. The overall scale efficiency 
(0.79) was also within the expected range for developing countries. For example, 
Speelman et al., report a mean scale efficiency of 0.6. 
In terms of the different intervention groups, participation in the Irrigation had 
positive influence on technical efficiency, 0.365 and 0.471 for CRS and VRS 
efficiency respectively. But the values were lower than the expected range of (0 74 ) 
in irrigated small farms (Bravo-Ureta et al., 2007)  
The DEA results were confirmed by those of the Tobit regressions which depicted 
participation in the Irrigation as having significant and positive influence on the CRS 
and VRS; and the other interventions negatively correlated with technical efficiency.  
The results could be explained by the observations in the previous chapters. Chapter 
six showed that the lowly efficient interventions had low farm productivity 
attributable to limited access to production resources (observed in chapter five). 
Theoretically, optimal use of production resources requires adequate availability of 
productive resources (land, labour and capital) in both quantity and quality, and 
markets (Hoff and Stiglitz, 2001). The argument is supported by the conversely 
significantly higher values of technical efficiency under the Irrigation intervention; 
attributed to higher productivity values (chapter six) resulting from better access to 
produce markets and production resources-irrigation fertilizers and seeds (as shown in 
chapter five). Higher productivity values have also been associated with technical 
efficiency under irrigated horticulture in Spain (Reig-Martinez and Picazo-Tadeo, 
2004), possibly due to better prices. 
The results confirm that management of institutional constraints restricting access to 
production resources is essential to improving the technical efficiency of small farms. 
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This is supported by the general insignificant influence of exogenous factors (age, 
education level and household size) on technical efficiency. 
 
7.5 Conclusion 
The objective of this chapter has been to identify efficient intervention designs 
through indirect method of analysing the technical efficiency of participant farmers. 
The efficient use of production resources by intervention participants is indicative of 
the managerial capacity, attributable to participation in the specific intervention. It is 
an indirect reflection of the concern of the intervention for responsible use of scarce 
resources. Hypothetically, adequate access to complementary production resources 
would lead to significant improvement in the technical efficiency of farms. 
The results showed that participation in the Irrigation intervention resulted in more 
technically efficient farms than any other intervention. Furthermore, technical 
efficiency was positively influenced by participation in the Irrigation. The results led 
to the conclusion that efficient intervention designs for enhancing household food 
security in dryland Kenya were those that enhance equable and adequate distribution 
of production resources- water for irrigation and markets for farm inputs, credit and 
produce. In the drylands, the irrigation technology is superior to rain-fed agriculture 
as it allows for flexible allocation of resources; particularly if access to markets is 
facilitated so that farmers can direct production resources to the most profitable 
enterprises.  
The low level of technical efficiency however indicates the need for concerted efforts 
to improve the efficiency of irrigated agriculture. Farmers should actively be engaged 
in farm production planning. This is more critical now when climate change is 
threatening the productivity of the drylands (FA0, 2008). 
The observation confirms the conclusion from the previous empirical chapters which 
call for agricultural development intervention planners to link farmers with the public 
and private institutions for adequate access to resources. In the endeavour, access to 
irrigation, markets and technical training should take the first priority. 
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8 General Discussion and Conclusions  
“It is possible that a discovery can be made in a laboratory, in a hothouse, at an 
experiment station; but useful science, manageable, operational science, must come 
out of the local communities of…..small farmers, “ejidatarios”, and indigenous 
communities” (Hewitt de Alcantara, 1976). 
 
8.1 Recapitulation of the research design 
The research in this thesis was motivated by reportedly high (50-70 percent) levels of 
household food insecurity in Kenya’s drylands, despite multiplication of food security 
and related interventions. The core objective of the research was to provide an 
intervention model for household food security in the region.  
The objective was met in two phases. The first phase constitutes the theoretical 
background and occupy chapter one and two of this thesis. In chapter one, the context 
of the food security problem in Kenya, and the need for intervention was given. 
Chapter two explored the theoretical context of household food security and how its 
intervention has been shaped by shifting concerns and themes in the history of 
development intervention. The rationale for intervention was illustrated in a 
theoretical intervention model. An ex-post evaluation of selected case studies was 
chosen. Further, the theoretical context for validation of the model was also 
explained.  
The second phase constitutes the empirical section covered in chapter three through to 
seven. In chapter three, practical aspects for validation of the model, such as the data 
requirements and collection was covered. Chapter four to seven constitute the 
empirical section of the research covering validation of the model. By implication, the 
conceptual framework for evaluation was based on the intervention model. The ex-
post evaluation framework has five analytical components, categorized into the 
different sub-objectives: relevance, sustainability, effectiveness, impacts and 
efficiency. Chapter four analysed the intervention context, relevance and 
sustainability. In chapter five, the effectiveness of the interventions was determined 
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while chapter six analysed the different impacts. Finally, chapter seven sought to 
identify the efficiency of the interventions. 
The objective of this chapter is to provide a synthesis of the findings; and concludes 
the work of the research with reference to the theoretical model. The following 
section gives discussions and conclusions while section three is on the limitations of 
the research and suggestions for the future. 
 
8.2 Discussion and conclusions  
8.2.1 Household food security context and rationale for intervention 
The food security challenges facing households in Kenya’s drylands pertain to 
adverse weather conditions and institutional ineffectiveness to adequately facilitate 
mitigation. Food availability is limited by inadequate resources for production while 
access is undermined by limited non-farm employment (Nyariki et al., 2002; 
Muyanga, 2004). The rationale for intervention is integration strategies that enhance 
farm productivity and non-farm income. For sustainability, intervention processes 
should focus on building the capacity of rural households to overcome bureaucratic 
barriers and forge linkages with public service and private market institutions. 
The mechanism for intervention was illustrated in terms of a theoretical intervention 
model (figure 2-4); which entails three-level linkages: policy, institutional and 
community. The validation of the model was centered on testing the six sub-
hypotheses outlined in section 1.4 (chapter 1) and drawing inferences based on both 
descriptive statistics (comparison of means) and regression outcomes. The next sub-
sections present the summary of the findings in the empirical chapters. 
 
8.2.2 The intervention designs: context, relevance and sustainability 
The context of intervention case studies 
Five intervention case studies were analysed, representing five classes of agricultural 
interventions. They were the Makueni Agricultural Project (MAP) under the category 
“integrated agriculture, water and health”;  the Project for the International Institute of 
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Crop Research in the Semi-arid Tropics (ICRISATP) covering “technology 
innovation”; the Community Based Nutrition Project (CBNP) under “capacity 
building”; the Kenya Agricultural Enterprise Project (K-REP) under “credit and 
finance” and the Irrigation under the category “irrigation”.  
A descriptive analysis of the interventions showed that the hypothesized integration of 
the two food security objectives, availability and access through respective 
improvement in farm productivity and non-farm income was absent (the first sub-
hypothesis, H1 was rejected). The interventions were mainly focused on improvement 
of crop production, and consideration for non-farm incomes was only found in the K-
REP intervention. Collectively, the intervention strategies applied within the five 
interventions were promotion of access to: domestic water, quality seeds, draught 
power, credit and savings, nutrition and health education, physical markets through 
repair of minor roads, cash-crops, veterinary services, irrigation facility, marketing 
services, technical advice (technology transfer), and to Small and Medium Enterprises 
(SMEs).  
In terms of the intervention processes, the MAP and the CBNP used the participatory 
intervention approach and the others were mainly based on the conventional planning 
method, but laced with participatory techniques. 
 
The relevance of interventions’ strategies 
The analysis on the relevance of the identified intervention strategies to the food 
security context of the region was based on the opinion of participants of the 
intervention. The results showed that all the intervention strategies were relevant (the 
second sub-hypothesis, H2 was accepted); but. most relevant strategies were the 
supply of domestic water, ranked “highly relevant (by 70 percent of respondents); 
development of SMEs,” (65 percent); the organisation for produce marketing (60 
percent) and irrigation (60 percent). Logically, the most relevant intervention was K-
REP which focused on development of SMEs.  
Using the principle of stochastic dominance that people prefer more to less, and most 
individuals are risk averse (Chava and Holt, 1996), it was concluded that SMEs, 
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which constitute non-farm sources of income in the research area, represent the least 
risky intervention strategy. Conclusively, supply of domestic water and development 
of SMEs should be key development priorities in the region, as opposed to 
agricultural technology development and transfer currently popular with food security 
interventions in the district.  
 
The sustainability of the intervention designs 
Analysis of sustainability sought to determine the extent to which processes that build 
the capacity of local community to forge linkages with resource providers were 
applied in the planning of the designs. Contingency scores were used to rank the 
designs accordingly. 
Results of the analysis showed moderate consideration for sustainability in the 
designs. On a scale of 0-3, the average was 1.71. Only the MAP was classified 
“sustainable”, with a mean score of 2.25. The rest of the interventions were 
“moderately sustainable”. The results were attributable to the planning of the 
interventions, which, at different extents, integrated some participatory techniques in 
otherwise conventional designs. The findings led to the conclusion confirming the 
third sub-hypothesis (H3) that use of participatory processes improved the 
sustainability of the interventions.  
The findings of the relevance and sustainability of the designs led to the conclusion 
that they were weak, with only two (MAP and K-REP) of the five interventions 
exhibiting at least moderate relevance and sustainability. Consequently moderate 
levels of impact could be expected, and most possibly from the two interventions. 
 
8.2.3 The efficacy of the interventions: effectiveness, impacts and efficiency  
The effectiveness on resource access 
To demonstrate impacts on household food security, the interventions had to be 
effective in enhancing access to resources for enhancing farm productivity and non-
farm incomes. The effectiveness of the interventions with respect to access to 
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resources was covered in chapter 5. The analytical tools were descriptive statistics 
(means), effectiveness index (Mohr, 1995), and regression analysis  
The results showed that the Irrigation, the MAP and the K-REP were most effective in 
the resources within their dissemination. The Irrigation intervention was effective in 
seven resources and had an average effectiveness index of 51 percent. The MAP was 
effective in five resources and had a mean effectiveness index of 40 percent; and the 
K-REP also was effective in four resources with effectiveness index of 22 percent. 
The ICRISATP and the CBNP interventions had low effectiveness, and were only 
effective in the transfer of technology.  
The observations were explained by what Escobar (1995) calls economic 
effectiveness - where access to one resource is precursor to another. In the case of this 
research, it was construed that the access to irrigation and to markets for produce were 
complementary. The conclusion is evidenced elsewhere (e.g. Nzomoi et al., 2007; 
Narayanamoorthy, 2001). Access to these resources motivates access to others such as 
credit, inputs and technical advice.  
The findings led to the conclusion that both the intervention strategies and processes 
were deterministic of intervention effectiveness; and the fourth sub-hypothesis, H4 
was therefore accepted Planners could enhance the effectiveness in resource access 
through participatory processes and sequencing of complementary resources. The 
emerging starting point is formation of local input and output marketing institutions 
for “special” farm commodities as was found in the Irrigation intervention. 
 
Intervention impacts on household food security  
Chapter 6 was dedicated to the analysis of the impact of the interventions on 
household food security. The components analysed were farm productivity, non-farm 
incomes and energy acquisition or availability.  
• Impacts on farm productivity 
Analysis of impact on farm productivity sought to test the hypothesis that 
effectiveness in access to production resources led to improved farm productivity. 
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Simple statistics and regression models were used in the analysis. The results revealed 
wide variations in average per acre farm productivity values across the intervention 
groups. The Irrigation had significantly (P= 0.000) high values (Kshs 97, 107) as 
compared to the MAP (Kshs 15, 687), K-REP (Kshs 11,600) and ICRISATP (Kshs 7, 
541) and the CBNP (Kshs 7,501).  
The results were attributable to the respective effectiveness of the interventions to 
productivity-enhancing resources. The Irrigation intervention participants had 
adequate access to a wide range of resources. The least productive interventions had 
very limited access (only technology transfer). The results of the Irrigation concurs 
with other studies (Narayanamoorthy, 2001; Nzomoi et al., 2007), and highlight the 
critical need to exploit the irrigation potential of the drylands.  
The overall results led to the confirmation of the first part of the fifth hypothesis 
(H5a), which reflects the conclusion that farm productivity under small scale does not 
experience significant growth unless all the conventional production resources 
(production inputs, credit and markets) have been provided for (Ruthenberg (1980) 
and Scherr and Hazell (1994). To this effect, the immediate future strategy for 
improving farm productivity in Kenya’s drylands lies in harnessing access to 
irrigation and markets for input and output. In the long term however, the trend in 
climate change and its anticipated negative impact on water availability in Africa 
(FAO, 2008; Cohen et al., 2008) might require that other strategies are found.  
 
• Impact on non-farm income 
The analysis of the impact of the interventions on non-farm income was motivated by 
the need to identify the efficacy of the K-REP intervention; which was effective on 
development of SMEs and credit (chapter 4). The results of the analysis showed that 
the values of the non-farm incomes could not statistically be attributed to participation 
in any intervention, not even K-REP. The results were not expected for K-REP and 
led to the rejection of the second part of the fifth sub-hypothesis (H5b). Credit and 
finance is one of the intervention strategies expected to enhance non-farm income in 
the rural areas (see Gayle and Barness, 2005; Victoria et al., 2007). The results led to 
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the conclusion that the strategies (trainings and provision of credit) used by the K-
REP were insufficient to significantly raise the non-farm income of the participants. 
The results of the analysis also indicate that credit and finance may alone not be 
sufficient to enhance non-farm income of rural households. As Gayle and Barness, 
(2005) stated, other poverty aspects such as diseases may need to be considered in 
such interventions.  
This calls for review of the design of the K-REP intervention. Suggestions include 
revision of the loan amounts, and the terms of repayment. Considering that agriculture 
is the mainstay of the area, K-REP may consider integrating agricultural services 
within K-REP strategies. Such a strategy would not only enhance farm productivity 
(see Jayne et al., 2004), but would improve the utility of the intervention.  
With the low impact on non-farm income, none of the interventions was expected to 
have significant impact on food access.  
• Impact on energy availability 
The impact of the interventions on food consumption was based on the amount of 
food prepared, the available energy. The results of the analysis showed that only 
participation in the MAP and Irrigation interventions had positive and significant 
impacts. The mean food insecurity status within the two intervention groups was 11 
and 13 percent, respectively; compared to 52, 67 and 55 percent within the 
ICRISATP, CBNP and K-REP, respectively.  
For the Irrigation, the observation was explained by significant impact of the 
intervention on farm productivity. For the MAP, the Impact was attributable to the 
combined effect of moderately high farm productivity and non-farm income. The lack 
of impact by K-REP could be attributable to the insignificant impact on non-farm 
incomes of its participants. The ineffectiveness of ICRISATP and the CBNP 
participants could be traced to lack of impact on farm, non-farm and aggregate 
incomes of the participants.  
The combined results of all the interventions confirm the sixth sub-hypothesis of the 
research that integration of both farm productivity and non-farm income objectives 
within an intervention is conditional for household food security. With exception of 
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the Irrigation, neither exclusive intervention in farm productivity nor non-farm 
income led to significant impact on household energy availability. The special case is 
where irrigation is feasible and the proposed linkages of irrigation farmers with 
private market and public service providers can be attained.  
The results also led to the conclusion that in order to significantly improve the food 
security status of households, the income of the participants must be raised at least to 
the minimum relative poverty level. Only the MAP and the Irrigation interventions 
were able to achieve this level. The level should be the measurable target objective of 
every food security intervention in the region.  
 
Intervention impact on the farm technical efficiency  
In chapter seven, the efficiency of the intervention case studies was analysed based on 
the technical efficiency of the participating farms. The results of the analysis showed 
that participation in the Irrigation intervention resulted in more technically efficient 
farms than any other intervention. Of the 14 technically efficient farms in the sample, 
8 were from the Irrigation intervention. The results led to the confirmation of the sub-
hypothesis (H7) that efficient intervention designs for enhancing household food 
security in dryland Kenya were those that enhanced adequate access to production 
resources such as water for irrigation and markets for farm inputs, credit and produce.  
The conclusions crown the Irrigation as the most significant food security intervention 
in Kenya’s drylands. However, a lot need to be done to secure sustainability in the 
long term. Under the current climate change exacerbating droughts and water stress in 
Africa (FAO, 2008; Cohen et al., 2008; OCHA, 2008; USAID, 2009), the efficiency 
of small-scale irrigation need to be addressed. As shown in this research, the technical 
efficiency of irrigated farms is relatively still low.  
Another concern is on the reliance of irrigated production on overseas export markets. 
The recent global economic crisis has just shown how vulnerable such arrangements 
can be. Diversification of markets and livelihoods should thus be emphasized, and in 
particular provision of salaried employment for the majority of rural community. 
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8.3 Validation of the proposed intervention model  
The systematic analysis of the designs in which six of the sub-hypotheses were 
confirmed led the conclusion that integration of the double objective of enhancing 
farm productivity and non-farm income is an important intervention strategy for 
sustainable food security in dryland Kenya. To this effect, two approaches emerged. 
In areas where irrigation is feasible, integrating irrigation with access to input and 
output markets is a viable strategy. In consideration of the production risk associated 
with drought associated risk, irrigation should be supplemented with non-farm 
income-enhancing strategies such as development of SMEs. In non-irrigable areas, 
priority should be given to generation of non-farm incomes, supplemented with 
integrated strategies that promote extensive farming, as found in the MAP.  
Processes that build the three level institutional linkages are vital for adequate access 
to relevant resources for improvement in household food security. Within the 
proposed three - level linkages, coordination of interventions is critical. This was 
evidenced by the low performance of the intervention cases studied. Only one out of 
the five interventions had significant impacts on the resource access, farm 
productivity, food security and technical efficiency of the participants. It is supposed 
that if all the financial and technical resources of the five interventions had been 
pooled together through coordination, the effects would have been significantly 
higher. Dercon (2003) argue that development is easier to achieve under coordination.  
The confirmation of the above main hypotheses validates the theoretical intervention 
model for sustainable household food security in Kenya’s drylands (figure 2-4). This 
is with three areas of modifications arising from the empirical findings of the 
evaluation. One of the adjustments is measurement of the “before” intervention food 
security condition of the potential participants. The next adjustment is in the 
objectives. In addition to the double objective, interventions should endeavour to 
promote domestic water supply which ranked highly as a relevant food security 
strategy. Thirdly, the intervention objectives should target at raising the income of the 
participants at least to the relative poverty level.  
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8.4 Contribution of the research, limitations and suggestions  
The design of this research which entailed evaluation of multiple intervention cases 
posed practical challenges in terms of data collection. For reasons pertaining to 
financial and time constraints, only five of the 21 food security interventions were 
evaluated. Within the five interventions, only a small sample of ex-participants could 
be interviewed. In total, 191 households were used in the study. Nevertheless, it was 
possible from the various analyses to obtain some statistical observations comparable 
from relevant, previous studies. The conclusions of the research could therefore be 
comfortably applied in the drylands of Kenya with similar agro-ecological climatic 
challenges and food security constraints (agro-pastoral zones). The researcher 
however, cautions the interpretation of the results to be understood as case studies. 
Generalisation of the results to other countries should be subject to additional 
information. 
The research contributed in different ways. The first contribution is in the form of the 
intervention model for the drylands in which two core food security objectives are 
integrated, and achieved through a three-level process of linkages. The findings of the 
research have confirmed the validity of the model and it should serve for food security 
intervention in the drylands. The model has contributed towards bridging the 
information gap between intervention theory and practice. 
The ex-post evaluation of multiple case studies used to validate the theoretical model 
was also an innovation of the researcher, and constitutes the second contribution of 
the research. It draws support from social scientists who argue that knowledge is not 
static but evolving and observation of the behaviour of people constitute the best 
learning platform (Long and Long, 1992; Mulwa, 2004). With this respect, the multi-
dimensional comparison adopted in this research reinforces conclusions from 
observed results parameters. The approach has served to validate the theoretical 
model and may be applicable in other research circumstances. However, the results of 
the evaluation showed that even with the five intervention cases, there were gaps 
between the proposed linkages and what was being practised in the field. For 
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example, the proposed regulation of interventions by the state was non-existent and it 
was not possible to deduce what the possible effects would be. This calls for 
experimentation of the model in the field to further reinforce the conclusions of the 
study. Specifically, it would be interesting to implement state coordination of 
interventions and determine the effects on food security impact. It would also be 
interesting to identify the effects of implementing the proposed double objective 
within the same intervention. 
Another particular key area to research would be the interaction of farm and non-farm 
strategies in the livelihood of households, the inter-flow of resources; and in particular 
how credit could be made more accessible and beneficial to agricultural households 
The third contribution of the research was in consideration of seasonality in the 
measurement of food consumption. The impact of household participation in an 
intervention on food security was measured in terms of prepared food (energy 
availability). The effect of seasonality (including the length) was considered and 
translated into an index called “market dependency ratio”. The energy availability 
values obtained were relatively consistent with those documented for the area (see 
Nyariki et al., 2002) confirming the validity of the index. Nonetheless, it would be 
interesting to measure the impact of intervention participation in actual food intakes, 
which is a more exhaustive indicator of individual food security (FAO, 2003). On the 
same concern is the need to identify what motivates changes in food consumption 
patterns of the community in order to create incentives for cultivation of nutritious 
foods. The suggestion is born from the observation that even though nutrition and 
health education was the focus of some interventions (e.g. CBNP), there was apparent 
disinterest to participate in the activity or adopt the skills which were imparted. 
Another innovation and contribution of the researcher was in the analysis of the 
efficiency of the interventions. Instead of using the traditional economic efficiency 
measures which view social interventions as business entities maximising profits (for 
profits), the analysis was limited to the technical efficiency of the farms. Arguments 
were that optimization of resource use at the farm level where the resources are 
scarce, and food insecurity is experienced was more logical. An area for research 
should be analysis of the economic efficiency of the interventions. Understanding the 
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cost-benefits of the interventions would inform better on decision-making concerning 
the best intervention alternatives, but also for accountability to intervention sponsors  
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Summary 
Achieving sustainable household food security in the Kenyan drylands is a constant 
challenge at the policy, the institutional and the household level. The widening levels 
of chronic food insecurity in the region beg for concrete and concerted action from 
diverse sectors. The study presented in this thesis contributes by providing an 
intervention model for sustainable household food security in the region. It 
contributes by bridging the gap between intervention theory and practice. 
The point of departure was development of a theoretical intervention model based on 
the analysis of the context of household food security in dryland Kenya; and the 
rationale for intervention. Household food security in the Kenya’s drylands concerns 
two main aspects: food availability and access. The rationale for intervention was 
hypothesised as a double objective of enhancing farm productivity and non-farm 
incomes through participatory processes that build the capacity of local community to 
forge linkages with resource providers. 
The next step was validation of the theoretically developed model. The research 
applied ex-post evaluation of multiple intervention case studies namely, the Makueni 
Agricultural Project (MAP), the Programme for the International Crop Research 
Institute in Semi-Arid Tropics (ICRISATP), the Community Based Nutrition 
Programme, the Kenya-Rural Enterprise Bank Programme (K-REP and the Kibwezi 
Irrigation Project (Irrigation). The implication of the ex-post evaluation was 
comprehensive and logical analysis of both the design (relevance and sustainability) 
and the effects of the intervention (effectiveness, impacts and efficiency) (European 
Commission, 1999; Mulwa et al., 2003). A mixed (but mainly conventional) 
evaluation method was applied, based on cross-sectional data.  
The analysis of the intervention designs covered three steps. The first step used the 
logical framework to identify intervention objectives, strategies and potential impacts. 
The results revealed that the selected interventions were largely focused on raising the 
farm productivity of the participants. Further, the analysis showed that the 
ICRISATP, K-REP and Irrigation interventions were conventionally designed, but 
integrated some participatory principles. The other two (MAP and CBNP) were based 
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on participatory methods. The second part of the analysis of the designs showed that 
the most relevant strategies were development of SMEs, supply of domestic water and 
organization of output markets. The relevance of an intervention depended on the 
integration of these strategies in the design. The K-REP intervention was the most 
relevant, having focused on development of SMEs. In the third part of the analysis, 
the designs were found to be moderately sustainable.  
The analysis of the designs led to the general conclusion that intervention priority 
strategies differed from those of the target community. While improvement of farm 
productivity was held highly by intervention managers, deduced from the widespread 
use of productivity-enhancing strategies, improvement of non-farm income received 
higher regard from the community. Nonetheless, all the intervention designs and 
strategies were relevant. Expected outcomes were mainly improved farm productivity 
and possibly food availability. 
The analysis of the intervention effects was categorized into four components: 
impacts on resource access, farm productivity, non-farm incomes, on food 
consumption and on farms’ technical efficiency. Descriptive statistics and a two-stage 
regression models were used to identify the impacts of the interventions.  
The results of the effectiveness analysis showed that the most available resource was 
technology transfer while effective interventions were the Irrigation, MAP, and K-
REP; which was attributable to the designs of the interventions. The analysis led to 
the conclusion that adequate access to resources in the study area will need 
sequencing of resources within a participatory process. Emerging complementary 
resources were irrigation and market for input and produce. 
Analysis of farm productivity indicated that only the K-REP and Irrigation 
interventions had significant impact, which was attributable to effectiveness in access 
to relevant resources, irrigation in particular. None of the interventions had significant 
impact on non-farm incomes; indicating that the extended resources were insufficient.  
With regard to energy availability, only the Irrigation and MAP had significant 
impacts. These interventions had the mean aggregate income of the households above 
the relative poverty level. For MAP, the income was derived from both farm and non-
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farm sources, indicating the significance of both farm and non-farm intervention 
strategies to food security. For the Irrigation, the income was largely from farm 
production.  
Analysis of the participation on farm’s technical efficiency showed that participation 
in the Irrigation intervention led to farms with relatively higher technical efficiency. 
This confirmed the essence of access to irrigation and markets resources in the 
Kenya’s drylands. 
The synthesis of the research findings led to the conclusion that, food security 
intervention in the Kenyan dryland should aim at raising the incomes of participants 
at least to the relative poverty level, and integrate farm and non-farm strategies 
through the proposed three-level institutional linkages (chapter, figure 2-5). In 
irrigable areas, farm strategies require integration of irrigation and markets (credit, 
inputs and outputs). In non-irrigable areas, integrated strategies for extensive farm 
production as was found in the MAP intervention are relevant. In consideration of the 
production risk associated with climatic conditions (reflected in chapter four), 
strategies that enhance non-farm incomes should take more weight. Since 
microfinance alone was insufficient to make significant improvements in income and 
food security, non-farm strategies should go beyond promotion of microfinance to 
encompass strategies that enhance participation of households in the wider market 
sector. This may require a more active participation of the state to enhance formal 
trade which is more efficient and offers better employment. The requirements are 
documented as better roads for rural-urban linkages, formal education, international 
trade and economic growth (Nzomoi et al., 2007; GoK, 2008).  
In closing of the research, an evaluation of the research methodology was done; and 
suggestions for future research given. In consideration of some gaps experienced 
between the hypothesised linkages and the practice in the field, the study proposes 
experimental implementation of the theoretical model in the field. Other areas of 
research include identification of incentives for enhancing the role of livestock in 
household food security; and for integration of credit programmes within the 
subsistence agricultural sub-sector. Another suggestion for research is analysis of the 
economic efficiency of the evaluated interventions. 
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Samenvatting 
Voor gezinnen in de semi-aride gebieden in Kenia is het bereiken van 
voedselzekerheid een constante uitdaging. De toenemende chronische 
voedselonzekerheid vraagt dan ook concrete en gerichte acties in diverse sectoren. Dit 
onderzoek draagt daartoe bij door een interventiemodel voor het bereiken van 
duurzame voedselzekerheid op niveau van het huishouden voor te stellen. Het 
onderzoek tracht de kloof tussen interventietheorie en de praktijk te overbruggen. 
 
Het vertrekpunt voor dit onderzoek is de vraag naar een theoretisch interventiemodel 
dat gebaseerd is op de analyse van de context van voedselzekerheid in de semi-aride 
gebieden in Kenia. Voedselzekerheid op gezinsniveau omvat twee belangrijke 
aspecten: beschikbaarheid van voedsel en toegang tot voedsel. Er wordt dan ook 
vooropgesteld dat het objectief van interventies tweevoudig kan zijn, namelijk het 
stimuleren van de landbouwproductiviteit en van het inkomen uit activiteiten buiten 
de landbouw, en dit door middel van een participatief proces dat de capaciteit van de 
lokale gemeenschap om deze doelen te bereiken verhoogt.  
De volgende stap is het valideren van het ontwikkelde theoretische model. Het 
onderzoek omvat de ex-post evaluatie van verschillende interventies met name het 
Makueni agricultural project (MAP), een programma van het International Crop 
Research Institute in Semi-Arid Tropics (ICRISATP), het Community Based 
Nutrition programme (CBNP), het Kenya rural enterprise bank programma (K-REP) 
en tenslotte het Kibwezi Irrigation project (Irrigation). De ex-post evaluatie bestaat uit 
een uitgebreide en gestructureerde analyse van zowel het ontwerp (relevantie en 
duurzaamheid) als de effecten van de interventie (effectiviteit, impact en efficiëntie) 
(European Commission, 1999; Mulwa et al., 2003). Voor de evaluatie van de 
projecten werden enquêtes afgenomen bij de deelnemers aan de verschillende 
projecten en deze worden geanalyseerd met de gebruikelijke methodes.  
De analyse van het ontwerp van de interventies omvat drie stappen. In de eerste stap 
wordt een logisch kader opgesteld om de objectieven van de interventie, de 
strategieën en de potentiële impact te identificeren. De resultaten tonen aan dat de 
Samenvatting  
193 
 
meeste interventies focussen op het verhogen van de landbouwproductiviteit van de 
deelnemers. Verder toont de analyse aan dat terwijl ICRISATP, K-REP en het 
Irrigation project op een conventionele manier ontworpen zijn, en enkel een aantal 
participatieve principes integreren, de andere twee interventies (MAP en CBNP) 
werkelijk op een participatieve manier werden geformuleerd. Uit het tweede deel van 
de analyse van het ontwerp blijkt dat de meest relevante strategieën, de ontwikkeling 
van KMO’s, watervoorziening en de organisatie van output markten zijn. De 
relevantie van een interventie hangt af van de integratie van deze strategieën in het 
ontwerp. Daarom is K-REP, dat focust op de ontwikkeling van KMO’s, de meest 
relevante interventie. Het derde deel van de analyse van het ontwerp van de 
interventies geeft aan dat alle interventies gematigd duurzaam zijn. 
De algemene conclusie van de analyse van het ontwerp is dat de prioriteiten in de 
interventiestrategieën afwijken van die van de lokale gemeenschap. Terwijl het 
verbeteren van de landbouwproductiviteit belangrijk is voor projectmanagers zoals 
kan worden afgeleid uit de vele strategieën in de programma’s die hierop gericht zijn, 
hecht de gemeenschap meer belang aan het verhogen van inkomsten uit activiteiten 
buiten de landbouw. Desondanks zijn alle ontwerpen en strategieën wel relevant. De 
verwachte resultaten zijn vooral het verhogen van de landbouwproductiviteit en van 
de beschikbaarheid van voedsel. 
De analyse van de effecten van de interventies bestaat uit vier delen, met name het 
bepalen van de impact op de toegang tot productiefactoren, de impact op de 
productiviteit, het effect op niet-landbouwinkomsten en tenslotte, de impact op 
voedselconsumptie en de technische efficiëntie van de landbouwers. Beschrijvende 
statistiek en een regressiemodel worden gebruikt om deze effecten te bestuderen. 
De resultaten van de effectiviteitsanalyse tonen aan dat technologie transfer zeer vaak 
in de projecten geïncorporeerd is. Het Irrigation project, MAP en K-REP blijken de 
meest effectieve interventies te zijn, en dit is vooral toe te schrijven aan hun ontwerp. 
De analyse leidt verder tot de conclusie dat een gegarandeerde toegang tot 
productiefactoren enkel kan worden bereikt in een participatief proces. Irrigatie en 
toegang tot een beter ontwikkelde markt voor inputs en outputs zijn complementair in 
het stimuleren van productie. De analyse van de productiviteit toont aan dat enkel het 
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Irrigation project en K-REP een significante impact hebben. Dit kan verklaard worden 
door de effectiviteit in de toegang tot relevante productiemiddelen, vooral irrigatie. 
Geen van de interventies heeft een significante impact op het inkomen van buiten de 
landbouw. In termen van voedselconsumptie (gemeten in kcal), hadden enkel het 
Irrigation project en MAP een significante impact. De begunstigden van deze 
interventies hebben ook een gemiddeld inkomen dat hoger is dan de relatieve 
armoedegrens. Bij MAP wordt dit inkomen gegeneerd door zowel 
landbouwactiviteiten als activiteiten buiten de landbouw, wat aantoont dat ook deze 
laatste van belang kunnen zijn voor het verbeteren van de voedselzekerheid. In het 
Irrigation project komt het inkomen vooral uit de landbouwactiviteiten. 
Analyse van de deelname in de projecten op de technische efficiëntie toont aan dat het 
irrigatieproject tot bedrijven met een hogere relatieve technische efficiëntie heeft 
geleid. Dit bevestigt het belang van toegang tot irrigatie en markten voor gezinnen in 
de semi-aride gebieden in Kenia. 
Uit de synthese van de onderzoeksresultaten wordt geconcludeerd dat 
voedselzekerheidsinterventies in de droge gebieden in Kenia moeten focussen op het 
verhogen van de inkomens van de begunstigden tenminste tot boven de relatieve 
armoedegrens en dat ze landbouw en niet-landbouw strategieën moeten integreren. 
Dit kan door middel van de institutionele verbanden die worden voorgesteld op drie 
niveaus (zoals beschreven in het tweede hoofdstuk van dit werk in figuur 2-5). In de 
irrigeerbare gebieden is een integratie van toegang tot irrigatie en markten (krediet, 
input en output) aangewezen. In niet irrigeerbare gebieden zijn geïntegreerde 
strategieën voor extensieve productie zoals ze aanwezig zijn in MAP relevant. 
Wanneer de productierisico’s die geassocieerd zijn met het klimaat (zoals in 
hoofdstuk vier besproken) in rekening worden gebracht, wordt het van belang dat 
inkomen uit activiteiten buiten de landbouw nog groter. Interventies die enkel 
microfinanciering voorzien, blijken echter onvoldoende te zijn om het inkomen uit 
niet-landbouwactiviteiten en de voedselzekerheid te verhogen. Daarom moeten 
strategieën voor activiteiten buiten de landbouw verder gaan en ook de deelname van 
gezinnen in de ruimere marktsector bevorderen. Dit vereist een meer actieve 
participatie van de staat om formele handel te bevorderen omdat die efficiënter is en 
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ook betere tewerkstellingsmogelijkheden biedt. Wat hiertoe kan bijdragen, is onder 
andere betere wegeninfrastructuur die de verbinding tussen steden en platteland 
verbetert, beter onderwijs, meer internationale handel en economische groei (Nzomoi 
et al., 2007; GoK, 2008). 
Tenslotte wordt in dit werk de onderzoeksmethodologie geëvalueerd en worden er 
suggesties gemaakt voor verder onderzoek. Rekening houdend met enkele verschillen 
tussen de vooropgestelde relaties en de huidige praktijk, wordt voorgesteld om het 
theoretische model in de praktijk te implementeren. Verder onderzoek zou zich 
kunnen toespitsen op het identificeren van mogelijkheden om de rol van veehouderij 
in de voedselzekerheid van gezinnen te vergroten of op de integratie van 
kredietprogramma’s in de subsector van zelfvoorzieningslandbouw. Een laatste 
suggestie voor verder onderzoek is het analyseren van de economische efficiëntie van 
de interventies. 
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Annexes 
Annex 3.1 Questionnaire to the project managers. 
This questionnaire is intended to gather information that will facilitate the evaluation 
of food security interventions in Makueni district. The information gathered will 
purely be used for academic purposes. However, the results of the evaluation may be 
accessful to other institutions and individuals. 
 
Project background 
1. Project name:     2. Project type: 
3. Duration of the project:    4. Target group: 
5. Beneficiary group:     6. Location: 
7. Annual budget:     8. Funding agency 
 
Impact assessment 
1. Project definition:  
a). Coverage :  
b). Did the project have any consideration for food security in the area? 
 1. Yes  2. No 
c). If No, why? 
d). If yes, which ones? 
2. Target group:  
a).  Why was this group chosen? 
b). How was the target group chosen? 
3. Relevance to the target group:  
a). Was a needs assessment done? 1. No  2. Yes 
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b). If yes, how was the main problem identified? 
• By the community 
• Through participatory approach 
• By the project leaders 
• By the project leaders and the donor 
• By the donor 
c). What was the community doing about it? 
• Nothing 
• Had mobilised themselves and started at small scale 
d). How were they doing it? 
• Mobilisation of local resources 
• Combination of local labour and outside help 
• Other (specify) 
e). What was lacking? 
• Equipment  
• Skills 
• Labour 
• Materials e.g. seeds 
f). What was provided by the project? 
• Technical expertise only 
• Skills and materials 
• Materials only  
• Training only 
• Other (Specify) 
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4. Objectives: 
a). What were the community’s objectives? 
 
b). What are the project’s objectives? 
5. Operational strategies:  
a). How was the project implemented? 
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Actor Activities  Place  When  Resources  Remarks 
 
 
 
 
 
 
 
 
     
 
 b). Who evaluated the project? 
• By the team leaders 
• By the stakeholders 
• By external reviewers 
• None 
6. Acceptability 
a). Did the project conform to the local beliefs? 
• Yes  
•  No 
b). If No, how did the project plan to change people’s attitudes?     
• Through training 
• By use of information dissemination by extension officers 
• By observation of contact farmers 
• None 
c). Did the people change their attitudes? 
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• Yes 
• No 
 d). If yes, in which ways? 
 e). Did the project safeguard against fears of adoption of innovation or ideas? 
• Yes 
• No 
 f). If yes, how? 
7. Feasibility: 
a). Was a stakeholder analysis done? 
• Yes 
• No 
b). If yes, what is the competence level of staff and/or  local leadership?  
c). What is the understanding of the beneficiary; the place of local 
knowledge? 
d). How was (is) the project linked into the ordinary life of the 
community? 
8. Participation: What is the: 
a). Place of community participation 
b). Opportunity for participation 
c). Opportunity for strengthening self-determination 
9. What have been the outputs: 
a). Project outputs (e.g. amount of fertilizer supplied) 
b). Community outcomes (e.g. people applied all the given fertilizer) 
10.  How effective has been the project: 
a). Short-term: 
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b). Long-term: 
c). In terms of set objectives: 
d). In terms of food security: 
e). Spill-over effects: 
f). Unexpected effects:  
11. Sustainability:  
a). Of the effects: What are the conditions of sustainability of the effects? 
b). Of the participation process: What will ensure that the development 
process continues? Any collective bargaining power?  
12. How is the project related to other projects in the area? 
13. How is the project related to the development policy in the area? 
14. What is the direct government involvement in the Project? Any cost sharing 
aspect? 
15. What is the role of public institutions? 
16. How multidisciplinary is the project? 
17. What issues did the project encounter that: 
a. Enhanced its success 
b. That hindered its success? 
18. What are the lessons learned? 
End. Thank you for your time and cooperation. 
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Annex 3.2 Questionnaire to the households 
Introductory remarks 
This questionnaire is designed to collect information on the households’ socio-
economic status in order to evaluate food security interventions in the district. Any 
information that will be volunteered will be used for purely academic purposes and 
the confidentiality of the participants will not whatsoever be disclosed. 
Part I: Introduction (to be filled by the enumerator) 
1. Name of interviewee:…………. 2. Enumerator’s  name:………………………… 
3. Location:……………….  4. Village:…………………………………… 
5. Name of the project:………………6. Period  project operated:…….. 
Part II: Personal information 
7. Kindly fill in the following table about personal information 
Family 
member: 
resident 
Relation Age  Education Occupation Non-farm 
income to 
the family 
CBO/SACCO 
membership 
 
1 
2 
3 
4 
5 
6 
(none 
resident 
members): 
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Part III: Extent of food insecurity 
8. During which months of the year do you experience food insecurity? 
9. How much food is cooked in your household per day? (specify units) 
Food item No. of times prepared Quantity prepared 
 
Maize grain 
Beans 
Ugali (thick porridge) 
Pigean peas 
Cow peas 
Millet/sorghum 
Meat 
Milk 
Vegetables 
Fruit 
Other (specify)  
 
  
 
10. If you do not cook the same amount of food each day, when and what is the 
food quantity variation? 
When food amount is varied Type of variation 
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11. Where do you obtain your main food products in the course of the year? Cross 
where applicable for each month. 
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Item  Jan  Fe  Mart  Apri May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  
Farm  
Shops  
Relief  
Other  
            
 
12. In a year, what is your  average farm output (ukwati)? Fill in the given table. 
Item Irrigated area 
(ha) 
Rain-fed  
area (ha) 
Harvest  
Good rains:   
Qty.      month 
Harvest  
Poor rains: 
 Qty.         month 
1. Crops 
Cereals: 
Maize 
Finger millet 
Pear millet 
Sorghum 
Legumes: 
Beans 
Cow peas 
Pigeon peas 
 Green grams  
Fruits: 
Mangoes 
Oranges 
Paw paw 
Vegetables: 
Tomatoes 
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Kales  
Asian vegetables 
Other crop 
(specify) 
 
2. Livestock 
Milk 
Eggs 
Chicken  
Goats (sold) 
Cows (sold) 
Others: 
3.non farm 
 income 
Salary 
Wages 
Casual  
Business 
Remittances 
Other  
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13. Fill in your average yearly expenditure on the following items. 
Item Total spend (KShs)
 
Farm activities (eg. labour, 
feeds) 
School fees: 
Food purchases: 
Health: 
Other domestic needs: 
 
Part IV:  Institutional information 
14.  How can you describe your access to the following services? Kindly fill in the 
following table using the words: “sufficient” or “not sufficient”. 
 
Service Access If “not sufficient”, kindly 
explain why 
 Irrigation facility 
Agric.technological skills 
Quality seeds 
Agro-chemicals  
Water supply 
Nutrition,family&health 
education 
Micro-roads 
Vet. Services 
Credit (specify amount) 
Business skills 
Efficient Markets 
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Draught-power (oxen/tractor): 
Part V. Project impact assessment 
15. How long did you participate in the project? 
16.Can you kindly give the following information about your involvement in the 
project? 
 
Project activities you 
participated in 
Reason for your 
participation  
Observed benefits of your participation  
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
 
 
 
   
   
 
17. Which of the project (specify project) activities would you highly recommend for 
extension to other farmers (in order of importance)? 
 
18. What other intervention activity would you recommend for a future Project in 
Makueni? 
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End! Thank you very much for your time and cooperation. (Give a small token, 
packet of salt or tea leaves). 
Annexes 
247 
 
 
Annex5.1 Problems reportedly (percent) encountered during participation in the 
interventions. 
 
 
Note: Numbers 1-5 denote MAP, ICRISATP, CBNP, K-REP and Irrigation 
interventions, respectively. 
 
Annex 6.1 Consumption weighting factors for different gender and age groups 
Persons aged- Weighting factor Persons aged- Weighting 
factor 
< 2 years 
2-4 years 
4-6 years 
6-8 years 
8-10 years 
0.2 
0.3 
0.4 
0.5 
0.6 
10-12 years 
12-14 years 
14-60 years (male) 
14-60 years(female) 
> 60 years 
0.7 
0.8 
1 
0.8 
0.8 
Pe
rc
en
t r
es
po
de
nt
s 
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Source: Huishoudbudget onderzoek (1991) 
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Annex 6.2 Farm prices (Kshs/Kg) of selected commodities in Makueni district 
 March-June Juli-February Average 
Maize 10 20 15 
Beans 20 50 35 
Pigeon peas 30 20 25 
Cow peas 20 30 25 
Green grams 25 60 42 
Sorghum/millets 20 20 20 
Meat s 150 150 150 
Milk  20 30 25 
Eggs/piece 5 5 5 
Kales  10 20 15 
Tomatoes 10 20 15 
Fruit /piece 5 5 5 
Ladies figure 40 40 40 
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Annex 6.3 Energy content per 100 grams of edible portions, selected foods 
 
Source: CTA/ECSA (1987) 
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Annexix 6.4 Recommended daily caloric intakes 
 
Source: World Health Organization (1985) 
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Annex 6.5: Household expenditure parameters 
Variable  MAP ICRISAT CBNP KREP Irrigatio
n 
NONE TOTAL 
Farm 
activities 
 
 
School 
fees 
 
 
 
Health 
 
 
 
Food  
 
 
 
Other 
 
 
 
Total 
13,031 
 4.9% 
(13,444) 
 
30,425 
11.6% 
(34,762) 
 
6,068 
2.3% 
(9,068) 
 
196,039 
75% 
(532,059) 
 
16,562 
6.3% 
(17,613) 
 
262,531 
100% 
1,920 
2.5% 
(1,173) 
 
8,952 
11.5% 
(9,927) 
 
3,236 
4.2% 
(2,336) 
 
57,397 
74.0% 
(28,169) 
 
6,064 
7.8% 
(2,423) 
 
77,922 
100% 
15,344 
11.4% 
(12,060) 
 
22,989 
17.1% 
(20,280) 
 
7,517 
5.6% 
(3,077) 
 
77,365 
57.7% 
(36,876) 
 
11,455 
8.5% 
(5,581) 
 
133,914 
100% 
21,523 
7.6% 
(15,133) 
 
10,685 
3.7% 
(16,838) 
 
8,839 
2.9% 
(11,243) 
 
211,468 
75.0% 
(187,059) 
 
26,841 
9.5% 
(20,264) 
 
281,765 
100% 
8,205 
7.8% 
(10,018) 
 
21,328 
20.4% 
(30,838) 
 
6,764 
6.5% 
(1,111) 
 
59,507 
56.8% 
(33,470) 
 
8,875 
8.5% 
(5,432) 
 
105,438 
100% 
3,783 
5.2% 
(5,096) 
 
10,788 
14.9% 
(14,023) 
 
2,712 
3.7% 
(2,449) 
 
48,894 
67.4% 
(23,675) 
 
6,348 
8.7% 
(3,525) 
 
72,090 
100% 
10,545 
6.8% 
(12,365) 
 
18,056 
11.7% 
(24,358) 
 
5,843 
3.8% 
(7,792) 
 
106,918 
69.5% 
(243,932) 
 
12,430 
8.1% 
(4,131) 
 
154,188 
100% 
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